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I. INTRODUCTION 
In static analysis of the behavior of the firm the 
Marshallian concepts of short-run and long-run time per­
iods are utilized to distinguish the period where some 
factor is fixed in supply to the firm from the period where 
all factors are perfectly variable. These concepts are re­
garded as technical characteristics of the production process 
which are independent of the operation of the firm. When 
all factors can be varied at will, the profit maximizing 
competitive firm facing a perfect capital market will oper­
ate so as to maximize the present value of its future net 
cash flows. This result has been demonstrated by various 
writers including Fisher (5), Haavelmo (8), ctiid Hlr-shleifer 
(9, 10). 
Let R(t) be the time path of future net cash flows. 
Then 
R(t) = P(t)Q(t) - W(t)L(t) - G(t)I(t) 
where P(t), W(t), and G(t) are the expected future paths of 
output price, wage rate, and price per unit of capital goods 
respectively. Q(t), L(t), and I(t) are the future paths of 
the firm's output quantity and its purchases of labor and 
capital goods to be determined by the optimization model. 
Output and each input are assumed to be homogeneous and per­
fectly divisible. 
2 
The firm's output and therefore its net receipts is 
constrained by its production function, 
Q(t) = F[K(t) ,LCt)] 
where the firm is assumed to face positive but diminishing 
marginal returns to each factor. 
% > 0; <0; Fj^ > 0; F^^ < 0 
The firm's demand for capital goods at any time con­
sists of both its need to replace its existing capital 
stock and its need for additions to the existing capital 
stock. Existing capital is assumed to deteriorate at the 
rate 6(t); the time path of expected future depreciation 
rates. Therefore gross investment is defined as 
I(t) = K(t) + &(t)K(t), 
where K(t) = dK/dt. K(t) is the path of net additions to 
existing capital. 
Let r(t) be the expected future interest rates de­
termined in the perfect capital market. Then the firm's 
optimization problem at the planning time, t^ , is 
I't 
r(t)dt 
Maximize V(t_) = R(t) e 




[P(t)Q(t) - W(t)L(t) - G(t)I(t)]  ^
t 
o 
If the firm believes that prices are beyond its con­
trol and expects that current prices, interest rate, and 
depreciation rate will prevail in the future, the Euler 
equations are a necessary first order condition for a 
maximum. 
CO 
I [PF[K(t),L(t)] - WL(t) 
t o 
- G[K(t) + 6.E(t)]}e-rt dt 
9R(t)e"^  ^
9L 
(P'Fj^  - W)e~^  ^=0 ; or 
A.l) P-Fx = W 
= (P-F^  - 60)6"=^  ^- ^ [-Ge-=^ '=] 
= [P*Fjr - (6+r)G]e~^  ^= 0 ; or 
A.2) P-Fjj. = (&+r)G 
These conditions must be satisfied at each moment along an 
optimum path. They are the familiar static conditions for 
If 
a profit maximizing process. and are the marginal 
product of labor and capital respectively. The value of 
the marginal product of each factor must be equated with 
the marginal cost to the firm of that factor at each 
moment. The stock price per unit of capital, G, is con­
verted to a flow price, the rental price of capital, by 
(r+6). The firm's optimal demands for inputs are determined 
from the first order conditions as functions of the prices. 
L* = L[PjW,G,r,6] 
K* = K[P,W,G,r,6] 
With perfectly mobile factors both labor and capital 
will be adjusted instantaneously at t^  to L* and K*. If the 
firm's expectations are fulfilled and unchanged over the 
plamins period, no subsequent changes in inputs will be 
made. That is, L = K = 0, for all t > t^ . At t^ , if the 
existing stock of either input is different from its opti­
mal amount, the rate of adjustment of that factor is in­
finite at t^  and zero thereafter. There is no theoretical 
justification in the model for continuing changes in factor 
demands. If expectations are changed at any time after t^ , 
another instantaneous adjustment to the newly determined 
optimal amounts is made and again there is no continuing 
change in factors. Therefore, with costless and instantan­
eous adjustment available to the firm it does not pay to do 
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any forecasting if the forecasting effort involves any 
costs to the firm. 
The same conclusions are reached from a profit maxi­
mizing model such as Haavelmo's (8, ch. 28). In this case 
the firm's rate of profit is 
S(t) = P.Q(t) - W.L(t) - G»(r+&).K(t) 
S(t) is maximized rather than the net cash flow of the firm. 
Total discounted profit over the planning period is 
00 00 j S(t)-e"^ d^t = j {P-F[K(t),L(t)] - W-L(t) 
to to 
- G-(r+5)-K(t)}e~^ t(it . 
Profit at each instant is independent of that of any 
other- Instant. Therefore the firm must necessarily maximize 
S(t) at each moment. The necessary first order conditions 
are the same as before. 
oS(t)e  ^[p.p _ w].e-rt = q ; or 
aL 
B.l) P.F^  = W 
a8(t)e-^  ^= [p.p - (r+&).G]e"^ t . 
ÔK  ^
6 
B.2) P'F^  = (r+ô)«G 
In the profit maximizing model it is clear that opti­
mization over time requires static optimization at each 
moment because the model is designed using only value flows 
of output and input services. That is, capital only enters 
as a cost through the value of the capital services used 
during the period. The fact that owned capital is a stock 
which also provides services in later periods is not an 
explicit element in the profit maximization model. 
In the net cash flow model it is the value of capital 
goods purchased in the period, not the value of services 
used, which is subtracted from receipts. The stock of cap­
ital purchased does influence the firm's future cash flows 
by providing productive services to F[K(t),L(t)] in future 
periods. Net cash receipts at any time is therefore not 
independent of net cash receipts at any other time and 
maximizing R(t) at each instant may not be optimal. 
The reason the net cash flow model arrives at the same 
first order necessary conditions as the profit maximizing 
model is that the firm's acquisitions and acquittals of cap­
ital are unrestricted in both models. With the price of 
capital, G, independent of any action taken by the firm, 
K(t) can be adjusted instantaneously at each moment to the 
amount needed to provide the optimal level of capital 
7 
services. Capital satisfies the Eisner-Strotz definition 
of a perfectly variable factor. It "can be altered in 
amount according to a cost schedule which is independent 
of either the time rate of change in the amount of that 
factor used or the time interval between a decision to 
vary the amount of that factor and its actual variation" 
(4, p. 471). 
In either form of the model if the firm' s capital 
stock is fixed in the short-run, labor will be adjusted 
instantaneously to an optimal level and maintained there 
for the entire short-run period. The separation of pro­
duction periods into short-run and long-run provides no 
theoretical mechanism to explain how or at what rate a 
fixed factor becomes unfixed. Thus the static theory of 
the firm affords no basis from which dynamic conclusions 
about firm behavior can be drawn. As usual static theory 
indicates trends or directions of behavior from one equi­
librium to another but cannot identify the dynamic route 
between them or determine that such a route exists. 
Observed behavior of firms does not correspond with 
the results of the static model. When public policy, con­
sumer preferences, or technology cause a change in the set 
of relative prices confronting the firm, factors are not 
adjusted immediately. Rather, there is a lag in the firm's 
response to its changed circumstances. Several explanations 
8 
can be offered for such adjustment lags (8, ch. 29) .  Time 
may be required for the firm to recognize the changes, to 
make a decision, or to implement that decision. This re­
quirement may be based on the need to analyze alternatives 
or to effect financing for adjustments. These can be con­
sidered the result of market imperfections in the form of 
imperfect knowledge. 
A second explanation offered is that the firm is not 
sure of the form of its production function or that it can­
not predict the future with perfect certainty. If the level 
of desired capital stock, K*, is not known with certainty, 
it is argued that the firm will make only a partial adjust­
ment toward K* in any period so that gross investment has 
the form, 
I(t) = Y[K*(t) - K(t) l  + 6K(t) 0 < Y < 1. 
The appending of this distributed lag form of an ad­
justment mechanism to the static model allows the model to 
describe and predict firm behavior. A primary justification 
for its use is the ability to statistically determine y from 
data describing past firm behavior and to predict future firm 
behavior. This changes the basic character of the static 
model, however, because it is no longer an attempt to ex­
plain firm behavior in terms of the optimizing process even 
though the continuing net investment is the consequence of a 
9 
policy decision by the firm. The model no longer represents 
the neoclassical theory of optimal capital accumulation. Ac­
cording to Jorgenson, 
. . . it is impossible to reconcile the theory 
of the econometric literature on investment 
with the neoclassical theory of optimal capital 
accumulation. The central feature of the neo­
classical theory is the response of the demand 
for capital to changes in relative factor 
prices or the ratio of factor prices to the 
price of output. This feature is entirely 
abssnt from the econometric literature on in­
vestment (11, p. 247). 
An equally serious criticism of the stock adjustment 
mechanism is precisely that it is appended to the basic 
model. K* is determined within the profit maximization 
model without consideration of the adjustment mechanism, 
y. At any moment before the complete adjustment to K* has 
been made, profit will be constrained by the divergence of 
actual K from K*. That is. profit is influenced by the 
investment path chosen so that the investment decision 
should either be in the criterion function of the optimi­
zation model or be recognized as a constraint on the max­
imization of discounted future cash flows. The distributed 
lag mechanism should not be appended to the model without 
integrating its effect on profits into the optimizing 
model itself. 
Another reason suggested by Haavelmo for slower factor 
10 
adjustments to a change in parameters is "that it involves 
higher cost to make quick adjustments" (8, p. 172). Since 
the production of capital is necessarily time consuming, "it 
may then be that our producer, who wants more capital is 
faced with a price curve for the additional amount of capi­
tal, such that the price depends on the time of delivery. 
It may be very expensive to get a speedy delivery, less so 
if he is willing to wait" (8, p. 173). Such costs may be 
considered internal to the firm because they are associated 
with a decision variable of the firm; its rate of factor 
adjustment. 
Whether such costs are considered internal to the firm 
or not is open to question. They are related to a decision 
variable of the firm but this implies that the firm is not 
a perfect competitor in the factor markets. To note that 
the production of capital is necessarily time consuming does 
not offer any explanation of why it is time consuming or how 
much time must be consumed in the production of a particular 
capital good. 
It would be desirable to develop a dynamic explanation 
of time consuming factor adjustment which is applicable to 
the abstract model of perfect competition as well as the 
"realistic" models of imperfect competition. Such an ex­
planation could offer an opening to the development of a 
general dynamic theory of the firm. This paper attempts to 
11 
introduce the concept of localized technical progress as a 
characteristic of the firm's technology which imposes 
necessarily internal costs upon the firm when it changes 
its technique of production. These costs then serve as 
the reason why optimal technique change must be time con­
suming. 
Several models incorporating cost of adjustment func­
tions are examined in detail in the following chapter. The 
subsequent two chapters present a general discussion of the 
nature of localized technical progress and an optimizing 
model of the firm which includes localized technical 
progress. 
The optimizing model is not, in general, solvable. 
Therefore, an attempt is made to simulate the profit max­
imizing decisions of the firm using static and dynamic 
optimization criteria. In both cases, the simulation in­
volves localized technical progress and the effect of vary­
ing the degree to which progress is localized is examined. 
All of the models are simplified by the assumption that the 
firm's expectations are always held with perfect certainty. 
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II. COST OF ADJUSTMENT MODELS 
Eisner and Strotz (4-) introduced a model which includes 
a cost of adjustment function. In terms of the models de­
veloped in the previous chapter (and omitting any perfectly 
variable factor), they add the cost of adjustment term to 
the profit maximizing model. 
S(t) = P.F[K(t) l  - G-(r+&).K(t) - C[K(t)] 
where C* / 0 for all K > 0 and C" ) 0 for all K ^  0 or for 
all K > K, some particular rate of adjustment. 
The optimizing problem is to choose the time path 
K*(t) which maximizes discounted future profit. 
Max 
[K] 
S(t)e'^ d^t = f {P-F[K(t)] - G-(r+ô)-K(t) 
- C[K(t)j}e" dt . 
The first order conditions for an internal maximum require, 
lII . d 
9K dt 9K 
A_[as(t)e-  ^ = [P-Fg. - G-(r+&)]e"^  ^
- r-C'.e"^ " + C'-K-e"^  ^=0 ; or 
C.l) C".K = -[P'Fg - G'(r+&)1+ r.C 
The Legendre necessary condition for a maximum is satisfied 
by the assumption that C" >0. 
13 
=  .  C „ . e-rt < g . 
9ir 
when the value of the marginal product of capital, 
P'Fg.) exceeds the rental per period on an additional unit 
of capital, G«(r+ô), it is profitable for the firm to in­
crease its capital input and K > 0. If the difference 
[P.P^  - G-(r+6)] is greater than the marginal rental cost 
of investing faster, r»C', then C" > 0 implies that K < 0. 
Investment takes place at a diminishing rate as capital is 
accumulated. Diminishing marginal productivity implies 
that < 0 so that [P'Fg. - G.(r+6)] approaches r.C as 
K > 0 and K must approach zero. This implies that the rate 
of investment falls toward a constant. But C" > 0 implies 
that C declines as K declines. Equilibrium optimal capital 
m» ^ X» a ^ ^  ^ ^ P . T? - f mm t Ç» \ T ^ T P T X OU oo À.\, — \j CI 1/ viic uw J.X1U wxxoi c \ r " x' rr " i — u. - iwi 
- J.V -
and K = K = 0. 
Thus the addition to the model of an internal cost of 
adjustment which increases at an increasing rate with the 
rate of investment results in net investment continuing at 
a diminishing rate until 'the optimal stock of capital is at­
tained. Adjustment is no longer instantaneous. 
Eisner and Strotz consider two reasons for such adjust­
ment costs (4). The first is a short-run rising supply 
price in the capital goods industry so more rapid expansion 
Ih 
by the firm will bid up the price of capital. In such a 
case, the firm exercises monopsony power and has some con­
trol over its input prices. The second reason for adjust­
ment costs is "internal increasing costs associated with 
integrating new equipment in a going concern" (k, p. 479). 
Using either or both of these arguments, others have 
constructed similar models where costs associated with the 
firm's rate of adjustment result in lagged input accumula­
tion derived from optimizing behavior. Lucas (17) uses 
the net cash flow type of model. 
R(t) = P(t)Q(t) - W(t)L(t) - G(t)I(t) 
where I(t) =K(t) + &K(t) and the internal costs of invest­
ment are in the form of output foregone during expansion. 
Therefore, the adjustment cost term appears in the production 
function constraint; 
Q(t) = F[K(t),L(t),I(t)] 
which is assumed to have positive and increasing marginal 
costs of investment; Fj < 0 and Fjj < 0, as well as the pos­
itive and diminishing marginal returns to capital and labor. 
Lucas (17) also makes two simplifying assumptions. The 
first is that F is homogeneous of the first degree in all 
three arguments (17, p. 325)* This assumption places a 
serious restriction upon the production function. It implies 
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that output will double if capital, labor, and the invest­
ment rate are doubled while doubling capital and labor 
alone will more than double output since Fj < 0. 
For a given rate of investment the firm realizes in­
creasing returns to scale increases in K and L. Lucas' 
justification for this assumption is that it is necessary 
to be consistent with the empirical observation that the 
rate of firm growth and The size of firm are independent. 
That is, firm size (K,L,Q), can be doubled without changing 
its rate of growth if I is also doubled so that I/K is 
constant. 
The second assumption is "that F can be written as a 
sum of an ordinary production function, with arguments L 
and K, and an internal 'adjustment cost function,' with 
arguments I and K, or that: Fj^ j = 0." However, F^ j^ = 0 
implies that increases in the rate of investment do net 
reduce the marginal productivity of labor. This is not 
consistent with Lucas' earlier statement that "an increase 
in investment for fixed levels of L and K requires a with­
drawal of labor and capital from the production division, 
reducing output Q(t)" (17, p. 32^ ). This statement would 
imply that Fj^ j > 0 and Fjrj > 0 since F^ ^^  < 0 and F^  ^< 0 
imply that withdrawing L and K from the production process 
would increase their marginal productivities. For Lucas' 
production function, Euler's Theorem implies ; 
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Q(t) = K(t)Fg + L(t)FL + I(t)Fj 
where equal proportionate increases in K, L, and I result 
in an equal proportionate increase in Q. 
In this model the firm again expects prices and inter­
est rate to remain constant over the planning period. The 
optimizing problem is to choose the paths of K(t) and L(t) 
which maximize the present value of current and future net 
cash receipts. 
Max V = j R(t)e -rt dt 
{p.F[K(t), L(t),I(t)] - W.L(t) 
o 
- G.I(t)}e"^ d^t 
The first order necessary condition for L(t) requires 
that 
Mile = [p.F - W]e""^  =0 ; or 
9L(t)  ^
D.l) P.F^  = W 
For any given paths of K(t) and I(t), L(t) must be employed 
at each moment at that rate which just satisfies the static 
optimizing condition. If the marginal productivity of labor. 
17 
also satisfies the conditions: 
-+ 0 as L/K -+ œ and 
as 1/K -)• 0 , 
then Fjj is monotone decreasing throughout the range where 
L/K 2 0" Since F is homogeneous of degree one, its deriva­
tive, F^  is homogeneous of degree zero. By its homogeneity 
property, F^ . can be treated as a function of L/K: 
Fj.[K(t),L(t)] = Fj^ [l, L/K] . 
In the short-run K is a known constant. Thus, for any given 
real wage, W/P, there is a unique L such that D.l) is sat­
isfied. This implies that D.l) has a unique solution; 
t/4-n — v f *~ \  r> rw/D 1 . niTM/cl < n 
\ V / I ¥1/ * 1 ^ L «1/ * J N 
which constitutes the firm's short-run labor demand function. 
This labor demand function maximizes receipts for the given 
paths of K(t) and I(t). Changes in W/P cause instantaneous 
adjustment of L along and changes in K shift the labor 
demand function proportionally. 
The receipts function, R(t), can be written as 
R(t) = P-F[K(t),L[K(t),W/P],I(t)] - W-L[K(t) ,W/P] 
- G»I(t) 
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and the discounted present value as 
o^ = {P'F[K(t),I(t)] - W-L[K(t),W/P] 
- G.I(t)]e"^ d^t 
where F[K(t),I(t)] = F[K(t),L[K(t),W/P],I(t)] 
If I(t) is a continuous investment plan which maximizes 
V^ , there must exist a Lagrangean multiplier \(t) which 
satisfies the optimizing conditions for the Lagrangean 
expression: 
5^ [K,I,X,t] = i[P,F[K(t),I(t)] - W'L[K(t),W/P] - G.I(t)] 
+ X(t).[K(t) - I(t) + &K(t)]je-rt 
— = [P'FV - G - X]e"ft = 0 
ai -t 
H _ = [P.L - W.L_ + \6]e~^  ^-
9K dt 8E  ^  ^ dt 
= [P'Fg - W'Lg + (r+&)\ - \]e"^  ^= 0 
From \ = P'Fj - G and \ = P[K*Fjjr + I'F^ ]^ along an 
optimizing path. Thus if 9^ /91 is satisfied everywhere; 
P'Fg. - W'Lg + (r+&)[P.Fj - G] - P[K.F^ g + I-Fjj] = 0 
is necessary. 
19 
Lucas (17) makes the unexplained assumption that X = 0, 
or equivalently, 
K'Fj-[^ + I ~ 0 . 
Since F is homogeneous of degree one in K, L, and I and L 
is linearly homogeneous in K, then 
F[K,I] = F[K,L[K,W/P],I1 
is also linearly homogeneous in £ and I. Thus, 
F[K,I] = K.F[I/K] 
and 
Fi = F'; Fjj = (1/K)F"; and, = -(I/K^ )F"; 
where 
F' = 9F/9(I/K) 
and 
pti = ô^ F/ad/K)^  
Lucas' assumption therefore restricts his analysis tc 
a steady-state path for the firm since 
K'F-TTr + I-FyT = _ £!: i F" + - F" =0 
K K K 
implies 
20 
i /1  =  K/K 
While D.l) implies that 
L/L = K/K 
Following Lucas' assumption that X = 0, if 9^ /91 is 
satisfied everywhere: 
P'Fg. - W-Lg. + (r+6)[P-Fj - G] = 0 
if necessary. But 
Fj. = Fj and F% = 
SO that 
P'Fjr = P'F^  + = P'F^  + W'L^  
along the optimal labor function. Therefore, the necessary 
condition for I(t) to be optimal is 
P*Fj^  - G*(r+6) + P»F-p*(r+&) = 0 ; or 
D.2) — [G — P = Fjj = (r-i-5) . 
The right-hand side of this condition represents the 
cash outlay plus the value of output lost per unit of in­
vestment converted into flow terms. The homogeneity as­
sumption implies 
21 
F — K*Fj^  + L*Fj^  + I*Fj 
by Euler's Theorem. Solving for F^ , 
Fg. = 1/K[F - L'F^  - I.Fj] 
= F[1,D^ [W/P],I/K] - D^ [W/P].W/P - I/K-Fj 
and rearranging D.2) 
P'F^  = [G - P*Fj]*(r+b) , or 
P.[Fj. + (r+&).Fj] = G.(r+&) 
Substituting for Fj^  
p.{F[1,D^ [W/P],I/K] - D^ [¥/P]-W/P - 1/K'Fj + (r+&)-Fj} 
= G»(r+6) 
or 
P-{F[1,D^ [W/?],I/K] - D^ [¥/P].W/? + (r+&-I/K)-Fj] 
= G«(r+&) . 
From the original assumptions about marginal returns and 
costs, the left-hand side of this expression diminishes 
monotonically with increases in the proportional rate of 
investment, I/K, as long as I/K < (r+6). If F^  ^  - œ as 
I/K (r+b), then F - D^ -W/P + (r+&-I/K)-Fj -> 0 as 
22 
l/K -*• (r+&). Therefore, G«(r+&) > 0 implies that the con­
dition will be satisfied for some proportional rate of in­
vestment such that 
0 < I/K < (r+6) 
A corner solution at I/K = 0 with 
P.[F + (r+6).Fj] < G-(r+6) + W-D^ [W/P] 
is not possible since F > 0 increases monotonically as 
I/K 0"*" and Fj ^  0" as I/K 0"*". Thus, this necessary 
condition can be solved for the investment demand func­
tion. 
I(t) = K(t).D2[W/P,G/P,r,&] ; 
where 
ar\ aTN ar\ 
—^ > 0 , —— < 0 , —- = —- < 0 
aw/p 8G/P 3r 36 
With I/K bounded as above, the firm's response to a change 
in the parameters will be a positive, finite rate of in-
TT^ ^V»o*»* 4-V* 4-1-»o n w <^4*^ 4 4- ^ ^ 4 4-w*^^4-V O \J U. OU J. V j-XCLXJl WXXN-' VCCXX V/CkXXOV/l»40 a.XX^ U. AAO. V <Mii9 V/lllOXXV/ 
rate of the static model. 
Using the labor and investment demand functions, L/K 
and I/K, in the production function gives the firm's short-
run supply function. 
Q(t) = K(t)»F[l,D, [VJ/P], D^ [W/P,G/P,r,5]] 
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Since I(t) = K(t) + 6K(t), the long-run growth rate of 
K(t) is 
I = I _ 6 = D2[W/P,G/P,r,6] - 6 
and capital stock will grow at a constant percentage rate. 
Investment, labor, and output also grow at this rate. 
T K'Dp • 
K - KTD^  - K - ^ 2 - ^  
T K 
L - - K - ^ 
As demonstrated above, however, this steady-state be­
havior of the firm is a direct result of Lucas' assumption 
that the multiplier X is constant. 
The original specification of the maximization problem 
as a problem of Lagrange also distorts the model. The 
initial constraint is 
I = K + 6K 
The constraint in the Lagrangean form is 
X(t)[K - I + &K] 
where \(t) is a piecewise continuous function of time. The 
2h 
state variables in this formulation are K(t) and I(t) which 
must be continuous. The control variables are K(t) and I(t) 
which must be piecewise continuous. The failure of I(t) to 
appear in the Lagrangean, however, implies that I(t) is al­
lowed to adjust instantaneously contradicting the necessary 
continuity of I(t). The condition \ = 0 which results in 
K/K = I/I then also implies that K(t) adjusts instantaneously 
and the "fixity" which Lucas was building into his model is 
lost. 
Gould (6) has also constructed a cash flow model where 
a rational firm in a competitive industry acts to maximize 
the present value of all future net cash flows, V^ . 
o^ = R(t)e"^ d^t 
iP(t)Q(t) - W(t)L(t) - C[I]]e"""dt 
U 
where C[Ij represents the costs associated with investing 
in capital stock at the gross investment rate ïïet re­
ceipts are constrained by a linear homogeneous production 
function and the definition of gross investment. 
Q(t) = F[K(t),L(t)] 
I(t) = K(t) + 6K(t) . 
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The firm chooses the functions K(t) and L(t) to maximize 
VQ. Costs of Investment are assumed to be both the pur­
chase cost of capital which may or may not change with the 
firm's rate of investment, and installation costs. For 
C[I] >0, C'[I] >0, and C"[I] >0 
As in the other models, adjustment costs increase at an in­
creasing rate with the rate of adjustment. The separability 
of Gould's function is more legitimate than Lucas' because 
Lucas assumed 
where Fg is an adjustment cost function. Any value of K is 
consistent with any level of adjustment cost, Fg, however, 
as Gould presents his model. 
The Euler equations which the solution functions must 
satisfy are: 
I > 0 
P[K,L,I] = F3_[K,L] + FjLK,!] 
V CU.XU. 
F2[K,I] = Fgll] 
9R(t)e"^  ^
ôL(t) 
[P-F^  - W]e"^  ^= 0 
or 
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E.l) P.F^  = W 
and 
aR(t)e'^^ _ d [aR(t)e-rtj 
aK(t) dt as 
= [P.Fg - & C ' [ I ] ] e r^t _ r. c , [ l]e-rt 
+ [C"[I](K + = 0 ; 
or 
E.2) P'Fg - (r+&).C'[I] + (K + 6K).C"[I] = 0 
Using a specific cost of adjustment function 
C[I] = q^ -I + q^ -I^  
Gould derives a specific solution path for investment, I(t). 
Since F[K(t),L(t)] is linear and homogeneous by assumption, 
total and marginal products can be -written in per capita 
terms, F^ [K/Lj. The requirement that E.l) be satisfied at 
every moment implies that K/L can be determined uniquely 
from E.l) at each moment. 
K/L = F£^ [W/P] 
Then E.2) can be written 
P*Fj^ [Fj^ [^W/P]] = (r+b/Cq^  + 2q^ *l) - (K + &K)»(2q^ )$ or 
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2q^  + 2q^ bK - q^ Cr+b) - 2q^ I-(r+&) + P.G[W/P] = 0 
where 
G[W/P] = Fj.[F£^[W/P]] 
Simplifying, using 
I(t) = K(t) + 6K(t) 
and 
i(t) = K(t) + 6K(t) , 
k* - r.K - (r+6).&K + l/2q^ [P.G[W/P] - q^ Cr+b)] = 0 
i - 6K - r-K - (r+6).b.K + l/2q^ [P.G[W/P] - q^ Cr+b)] 
= 0 , or 
i = (r+b)[K + bK] - l/2qi[P.G[W/P] - q^ Cr+b)] 
Therefore, 
i = (r+b)-I - l/2q^ [P-G[W/P] - q^ Cr+b)] 
and 
I = -e (r+&)to g-(r+b)t i/2q^ .[p.G[W/P] - q^ Cr+bjjdt 
is the general form of a solution path for I(t). This 
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solution indicates the dependence of current investment upon 
the entire future paths of prices and interest rates. If 
these variables are assumed to remain constant over the en­
tire planning period, 
t 
I = l/2qj^ -[P-G[W/P] - qQ.(r+&)].e(r+&)t 
P-G[W/P] -
- - .e 'LG J 
-2q^ '(r+6) ~ 
and with an infinite horizon 
P.G[W/P] - q_.(r+&) 
I*(t) = 
2q^ .(r+S) 
is a constant investment function. When net investment is 
completed, K = K = 0, and 
P.G[W/P] - q^ .(r+&) 
= (r+&).6.E* 
2qi 
Therefore, I* = K* and optimal gross investment consists of 
• • 
replacement only. Since I = K + 6K and I = I* is constant, 
then 
K = î>(K* - K) 
and net investment has the distributed lag form. This result 
depends critically upon the assumption that prices and in­
terest rates are expected with certainty to remain constant 
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over the entire planning period. The distributed lag form 
is not in general justified only by the assumption of the 
existence of adjustment costs. 
Eisner and Strotz presented an example which apparently 
gave a theoretical justification to the use of distributed 
lag investment functions (4-, p. 481). They assumed produc­
tion and cost functions of the lowest possible degree con­
sistent with their general model. Expansion cost depends 
only on the firm's rate of expansion. That is5 assume 
P.F[K] - G-(r+6).K = aK - (l/2)pK^  
and 
C[K] = + G'K 
Then the Euler condition for an optimal function K(t) is 
2rK = - (a-fiK) + r(2rK+G) , 
or 
a - pK + 2rK - 2ryE - rG = 0 
The general solution is 
K(t) = Ae^  ^+ Be  ^p 
with 7^  > 0 and Initial conditions imply 
K(0) = A + B + G p rG 
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and 
a - rG K* = T 
is the optimal level of capital. Since K must always be 
finite, A = 0, and B = K(0) - K*. Therefore, 
\t 
K(t) = [K(0) - K*]e + K* ; 
— X^ t 
K(0) = [K(t) - K*]e + K* ; 
and 
K(t) = XgCKCO) - K*]e ^  
t  X t 
= X-i[K(t) - K*]e  ^]e ^  
= Xp[K(t) - K*] 
The condition < 0 implies 
K(t) = (-X2)[K* - K(t)] 
Eisner and Strotz (4-) conclude that the cost of adjust­
ment model in which time does not directly influence these 
costs, "plus some ad hoc simplifications of the forms of the 
functions considered," provides "a rationale for the dis­
tributed lag formulation of Koyck." In generalizing the 
Eiser-Strotz work to the case of multiple inputs, Lucas 
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also concludes that the "flexible accelerator is found to 
be a valid approximation to the optimal paths" derived from 
the neoclassical theory (18. p. 840. 
This result is implicit in the particular structure of 
the models employed. The condition that time does not di­
rectly influence the adjustment costs must be broadened to 
also prohibit time from directly influencing the factor 
costs. When the time path of optimal growth as well as 
inputs are functions of the current and future values of 
the price and interest rate parameters and only indirectly 
functions of time, 
L*(t) = L[P(t),W(t),G(t),r(t),&(t)] 
K*(t) = K[P(t),W(t),G(t),r(t),6(t)] 
Tzict-h'y - TP Of"-»-S wr 4- \ T.i'-r"i ôi'-f/il 
then as Gould points out, if the parameters are expected to 
remain constant over time, the functions K and I are con­
stants so that the ratio 
I*/K* = I/K[P,W,G,r,6] 
is a constant y and when full adjustment has been attained, 
Y = Ô. This implies 
I* = SK* 
32 
From the definition of gross investment as I = K + 6K, a 
necessary result is 
K = I - &K = &[K* - K] 
The distributed lag form of adjustment is a necessary re­
sult of the assumed expectation of constant prices and in­
terest rate. Since the investment path depends in general 
upon future prices and interest rates, there is no neces­
sity for optimal investment to be proportional to optimal 
capital stock at each moment. Gould has shown that the 
inclusion of time dependent prices in the model makes the 
distributed lag form a possible but not a necessary out­
come. 
Retaining the assumption concerning the constancy of 
future prices and interest rates, Treadway has generalized 
the cost of adjustment model through the use of less re­
strictive forms of the production function (20). In his 
earlier paper, Treadway (19) places no restrictions on the 
firm's returns to scale. This model also uses the net 
cash flow form: 
R(t) = P(t)Q(t) - W(t)L(t) - C-(t)I(t) 






constrained by its technology. Assuming the firm to be a 
perfect competitor in its input markets, Treadway uses 
Eisner and Strotz' second type of adjustment costs and a 
"generalized technical constraint," 
Q(t) = F[K(t),L(t)] - C[K(t)] 
where F is the neoclassical production function and C is 
the cost of adjustment with 
C:[K] ^  0 as K ^  0 
The firm becomes a multiproduct operation where inputs K(t) 
and L(t) can be used to produce goods for sale, Q(t), or 
plant expansion, K(t). 
The necessary conditions for a maximum are derived from 
the Hamiltonian: 
H[K;I,L;\] = e"^ i^P-F[K,L] - P-C[I - 6K] - W-L - G.I 
+ X(I - &K)} 
where I = K + &K. 
M = [P.F _ w]e-z^  = 0 ; 
3L  ^
or 
F.l) p.Ft = W li 
and 
3^  
M = [-p.c - G + = 0 ; 
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or 
F.2) \ = P-C + G 
both of which must be satisfied at every moment along an 
optimal path. 
— = {P.P_ + b.P'C' - b'Xje'rt = _ 
3K  ^ dt 
= Xe-^  ^+ rXe-rt 
P"F|^  + &*P*C' — &»\ — v\ — —X ;  
or 
F.3) X = (r+b)X - 6.P.C' - P.Fg. 
But 
80 
— — Fxr 6 • C ' 
aK  ^
implies 
X = (r+&)X - p. 9Q/ÔK 
so that if P»9Q/9K = 0, then 
 ^= (r+b)dT , 
or 
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In X = (r+6)T + In c 
X = ce (r+&) 
^G-(r+5)T ^  ^  
and 
t 




-P.aQ/aE.e-(r+^ )^ 4T 
From the transversality condition, the present value of in­
vestment at time t, must approach zero as the 
date of investment, t, recedes into the future. 
±im Ae • 
T -f °o 
= u 
Therefore, 
Xe -(r+b)T = _Xa-(r+t)t = -p.ag/aE.e"(f*^ )^ aT , 
or 
 ^g-(r+6)t f p.ag/aK.e-(r+&)(^ -t)a,: 
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X(t) = p. a Q / a E . e"(r+&)(T^ t)aT. 
t 
Thus \(t) is the discounted value at t of later mar­
ginal products of capital. Condition F.2) above requires 
that the path of K(t) be chosen such that the demand price 
of capital, 
CO 
I p.ao/aK.e-(f+b)(T^ t)a^ . 
t 
just equal the supply price of capital, 
G + P-C 
at every moment on the optimizing path. The supply price 
consists of the purchase price plus output foregone during 
v><y IT* 0"i onri cnV>eT"î Titt.t ncr "in ?. < ^  _ 
\ = p.c" K = (r+6)(P*C' + G) - &P'C' - P'Fg. 
= r.P»C' + (r+&)»G — P'F^  
or 
.. (r+î)).G/P - Ft»- + r.C* 
K = 
is the optimum rate of change of net capital accumulation. 
This Treadway model more closely satisfies the usual 
concept of the competitive firm than the previous models do 
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because Treadway assumes the firm to be a competitor in its 
factor markets (19). Adjustment costs then take the form 
of reduced output from the production process and must be 
at least partially integrated with Q(t) as Treadway does. 
If this is not the case, then R(t) is like the original 
static model and identical static results occur. Treadway's 
assumption about the additive separability of Q(t) cor­
responds to assumptions in the other models. Eisner and 
Strotz Or) separated the instantaneous rate of profit and 
expansion costs, 
S(t) = {P.F[K(t)] - G.(r+b).E(t)] - C[K(t)] 
Lucas (17) assumed that the production function could be 
written, 
F[K(t),L(t),I(t)l = F3_[K(t),L(t)l + F2[K(t),I(t)] 
Gould (6) used the cash flow form, 
R(t) = [P(t).F[K(t),L(t)j - W(t)L(t)] - C[I(t)] 
In developing another more general model, Treadway (19) 
argues that these earlier adjustment cost models were de­
liberate attempts to provide a dynamic neoclassical optimi­
zation theory of the firm to either justify or replace the 
ad hoc adjustment mechanisms used in econometric work. Fur­
thermore, "the existing adjustment cost models have been 
'disciulined' to reproduce trie inferences of the static 
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theory . . (19, p. 329). To avoid such a disciplined 
model, Treadway introduces a general form of the produc­
tion function (or "generalized technical constraint") where 
no separability assumptions are made, 
Q(t) = F[K(t),L(t),K(t)] 
where < 0 and < 0. The capital stock available for 
production can be changed only by incurring adjustment 
costs. The addition of one unit of capital causes a diminu­
tion of output while the investment occurs. The costs per 
unit of net investment increase at an increasing rate with 
the rate of investment. 
The firm is assumed to be competitive in both input 
and output markets as well as the capital market. It max­
imizes discounted net cash flows expecting all current 
prices to obtain forever. Thus the firm maxisiizss over 
output and input paths, 
CO 
= j {p.Q(t) - W.L(t) - G.I(t)]e~^ '^ dt 
o 
subject to 
K(t) = I(t) - 6.K(t) , 6 > 0 
and the production function. 
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Max VQ = {P.F[K(t),L(t),K(t) ] - W.L(t) 
- G. CK(t) + 6.K(t) ]]e'^ d^t 
The necessary conditions for optimum paths of K(t) and L(t) 
are 
[P.Fy - W].e"^  ^= 0 , 
H.l) P-Fj^  = W 
BR(t)e-rt _ d [BRCtie-rtj 
as dt 9K 
(P.Fg - &.G) 'e"ft + r.CP.Fg - G).e"^ '^  
- + Pii-L + = 0 
P.Fg. - (r+&).G + P.r.Fg - P. [F^ -K + F^ -L + F^ .K] = 0 
or 
H.2) P-tK-F^  + L-F^  + K-F^ ] = P.F% + P-r-Fg - (r+&)-G 
Treadway (19) analyzes this general dynamic model and 
concludes that not all of the results of static optimization 
carry over to dynamic optimization. In particular; demand 
ho 
for the variable factor may increase with its wage; output 
supply may decrease with an increase in output price be­
cause the production firm is a monopsonist in renting capi­
tal services from itself as the expansion firm; short-run 
input demand may be more elastic than long-run demand because 
the variable factor may contribute to firm expansion > 
0), as well as being used in the production process; and 
factor demands may not be symmetric with respect to price 
changes. These contrary results are due to the general form 
of the production function which allows any of the cross-
partial derivatives to be nonzero in contrast to the earlier 
models' assumptions of some form of separability. 
A long-run optimal situation Q*, K*, L* is said to exist 
where K = K = L = 0 and there is no incentive for the firm 
to alter its structure. The optimal long-run system can be 
characterized by 
H.3) Fj^ [K*,L*,0] = W/P 
H.if) Fj.LK*,L*,0] + r.F^ [K*,L*,Oj = (r+&)-G/? 
H.5) Q* = F[K*,L*,0] 
Differentiating H.3) and H.4) totally allows inferences to 
be made about long-run behavior near an optimum path. 
[Fgg. + r-F^ JdK* + [F^  + r.F]g^ ]dL* + FJ dr =d[(r+&)G/P] 
K 
4l 
dK* + dL* = d[W/P] . 
That is; 
% * ^ % f£K + % dK* d[(r+6)G/P] - F* dr K 
% % dL* d[W/P] 
- -
If the matrix of second partial derivatives, D, is non-
singular it can be inverted to determine locally unique 
long-run factor demand equations, 
K* = K*[G/P,W/P,r] 
L* = L*[G/P,W/P,r] 
and the long-run supply function, 
Q* = F [K* [G/P ,V7/P ,r ], L * [G/P ,W/P ,r ] 5 0 ] 
As in the static model, these functions are homogeneous of 
degree zero in money prices. Since 
aK* _ _ 
aCw/Pj |D| 
and 
aL* _ _ 
ô(r+6)G/P |D| 
then the symmetry of factor demands which occurs in the 
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static model can occur in the dynamic model if and only if 
= 0. Therefore, the separability assumption of earlier 
models "disciplined" them to obtain the static symmetry of 
factor demands. 
A stable long-run optimum path requires 
m  < 0 
9(r+b)G/P |D| 
and since Ff-r < 0, stability requires |D| >0. Then 9K*/ 
8 [G/P ] < 0 and the input demand varies inversely with its 
price. However, the sign of 
aK* (G/P -
8r |D| 
is ambiguous as is the sign of 
aL* _ ^Ik 
3[w/P]  iD |  
From the stability condition 
|D| = (Fk + - (F£sç + > 0 , 
and 
+ r > (% + r %).Fg^  . 
Since Pgg = F^  and >  0 ,  if F£^  Fgr > 0, then 
3^ 
(F^  + r F^ ) < 0 because F^ y < 0. Therefore, "if capital 
and labor are complements (F^  > 0) and labor facilitates 
expansion (F£^  > 0), or if capital and labor are substitutes 
(F^ y < 0) and labor hinders expansion (F£^  < 0), or if 
either capital and labor are independent (F^  = 0), or 
labor neither helps nor hinders expansion > 0), then 
the long-run demand for labor is inversely related to the 
wage" (19, p. 3^ 1). The assumption that F^  = 0 in the 
separable models is sufficient to get the usual static 
demand function for labor. 
All of these cost of adjustment models use one or both 
of the Eisner-Strotz reasons for the existence of such ad­
justment costs. Derivation of a lagged response in factor 
demands requires that there exist such costs which are in­
ternal to the firm; i.e., which are a function of the firm's 
rate of factor adjustment. The result of including an in­
ternal cost of adjustment is that all factors become quasi-
fixed rather than fixed or variable. The concepts of short-
run and long-run have meaning only in a relative sense and 
not in any absolute definitional sense. The degree of 
fixity of a factor is determined by the function which as­
signs the internal costs associated with the adjustment of 
the factor. The model provides an explanation and descrip­
tion of gradual factor adjustment by the firm. 
The first order conditions along the optimal output 
and input paths in their most general form are, 
P.F^  = W 
p. [Fg. + dF^ /dt] = (r+&).G - P-R-F^  
With labor still freely variable the static first order con­
dition is unchanged. The addition of internal costs of cap­
ital adjustment alters the form but not the interpretation 
of the first order condition for the optimal capital stock. 
The value of the marginal product of net investment is the 
sum of additional output value attributed to the marginal 
product of capital, P'Fj^ , and the value of the time rate of 
change of the marginal product of net investment, P.dF^ /dt. 
The marginal cost of investment is the rental per period on 
an additional unit of capital plus the value per period of 
output foregone as the result of net investment occurring: 
(r+&)'G - P.r.F^ . The time rate of change of the marginal 
productivity of net investment is 
"C* • • dF^ /dt_ = K-F^  + + K.Fgg 
The Eisner-Strotz reasons for the appearance of internal 
factor adjustment costs are both intuitively appealing and 
based upon observation. They are not, however, necessary 
for the neoclassical theory of the competitive firm. 
Such a firm has no monopsony power and in the long-run is 
5^ 
able to adjust all its inputs at any rate without influenc­
ing input prices. In the short-run inputs which can be 
varied can be adjusted with no price effect. Others cannot 
be changed. 
Eisner and Strotz p. 4?9-80) allow that a firm 
which is a competitive buyer in the factor markets will not 
be faced with a rising short-run supply price if it alone 
is expanding. They do believe that if all firms in the in­
dustry concurrently plan and attempt to carry out an ex­
pansion on this basis, they must continuously alter their 
plans because factor prices will vary from the expected 
values. If the individual firms correctly plan their ex­
pansions on the basis of a rising supply price to the 
industry, they will see that factor prices will be highest 
early in the expansion when the marginal profitability of 
an increase in scale is highest and will decline as the 
scale of operations increases. Therefore, if each firm 
has such knowledge about the result of an industry expan­
sion it will delay its own expansion process. 
The second reason for internal adjustment costs is 
that factor adjustment requires the integration of new 
equipment, reorganization of production, or retraining of 
labor. The firm may need to utilize part of its existing 
capital and labor for such things as planning, break-in, 
familiarization, and installation of new capital goods. 
he 
Delayed adjustment requires that these activities impose 
internal costs which increase with the rate of adjustment. 
There is little justification for the assumption that 
the firm purchases capital goods from other firms but plans, 
installs, retrains, etc., internally. It is plausible to 
assume that the firm purchases all of these services ex­
ternally. In such a case, the firm with no monopsony power 
would display no internal costs of adjustment. At the other 
extreme one can assume that the firm bears all costs inter­
nally by producing its own capital goods as well as adjust­
ing to their utilization. 
The Eisner-Strotz type of internal adjustment costs 
are certainly realistic and empirically important in an 
imperfectly competitive world. They are sufficient to 
cause lagged factor adjustment but they are not logically 
necessary in a model of the perfectly competitive firm. 
Another shortcoming of the internal cost of adjustment 
models is that they are ahistorical. The technology in the 
models is recursive in that output in any period depends upon 
inputs and input adjustments in the preceding period; 
Q(t+1) = Q[K(t),L(t),KCt),L(t)] 
It is of no consequence for Q(t+1) how the firm attained 
K(t) and L(t). That is, it does not matter whether K(t-l) 
 ^K(t). The history of the firm's experiences is immaterial 
h7 
to its future operations. 
The history of the firm can be introduced as an in­
tegral part of the firm's technology by including localized 
technical progress into the production process. At the 
same time, the addition of localized technical progress will 
impose an internal cost upon the firm when a change in the 
technique of production is made. This cost can also be 
thought of as output foregone during the period of change. 
All of the models described here attempt to achieve a 
higher degree of realism in the theory of the firm by intro­
ducing a degree of "fixity" of the factors of production. 
The result is more realistic than that of the static model 
because factor adjustment takes place continuously rather 
than instantaneously. To achieve this each of the models 
has had to rely on special assumptions which are more real­
istic than those of the static competitive model. Some 
degree of market imperfection in the factor markets has 
been necessary for these dynamic results. 
While realistic assumptions might be advantageous if 
assumptions are to be descriptions of observed behavior, 
they necessarily restrict the applicability of the theory 
being considered. For the purpose of building a general 
dynamic theory of the firm it is necessary to use assump­
tions consistent with the traditional model of the per­
fectly competitive firm which also include the imposition 
l^ 8 
of increasing costs when the firm adjusts its factor usage. 
The costs cannot be the result of assumed imperfections in 
the factor markets. 
This paper attempts to utilize the concept of local­
ized technical progress to impose costs upon the firm when 
it adjusts its technique of production. The technique of 
production is defined as the ratio of factors used so that 
costs imposed by a change of technique are necessarily 
caused by a change in the use of factors. It is still pos­
sible, however, for factor usage to change proportionally 
without involving any adjustment costs. The costs imposed 
by technique adjustment are an inherent part of the com­
petitive firm and not dependent upon assumptions of market 
imperfections. Thus, the purpose of this paper is to de­
velop the basis for a dynamic theory of the perfectly com­
petitive firm in order to maintain the degree of generality 
achieved by the static neoclassical theory of the firm. 
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III. LOCALIZED TECHNICAL PROGRESS 
Technical progress is the category reserved for the 
production efficiencies which occur but which cannot be at­
tributed to changes in inputs or techniques. The occurrence 
of such efficiencies is often assumed to be distributed 
evenly over the entire range of production techniques avail­
able. Atkinson and Stiglitz (2) have pointed out that this 
is inconsistent with the early concept of neoclassical pro­
duction. The production function was based upon the idea of 
production processes where technical knowledge is specific 
to each particular production process or technique. As the 
number of processes is increased, the production possibil­
ities approximate a smooth, differentiable function. The 
technical progress, however, should remain unique to each 
ux wwooo » 
In an aggregate analysis, Lapan and Bardhan (14) have 
noted that if technical progress is localized to the par­
ticular technique in use by an economy or spills over with 
varying intensity to some subset of available techniques. 
then the economy may suffer a loss of such efficiencies when 
it adjusts to a new technique. This concept is also relevant 
within the context of the firm. 
A production technique can be defined as the ratio of 
inputs. 
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z(t) = K(t)/L(t) 
Assume that knowledge at a given technique grows at a con­
stant rate g, while that technique is in use. That is, 
A(z,t)/A(z,t) = g for z = z*(t), and 
A(z.t)/A(z,t) = 0 for z ^  z*(t) 
where A(z,t) is the accumulation of technical know-how on 
technique z and z*(t) is the prevailing technique at time t. 
This localization of technical progress can be general­
ized so that the gain in knowledge spills over continuously 
to techniques other than the one in use. The spillover 
should be less the farther one gets away from the prevail­
ing technique. Then 
A(z,t)/A(z,t) = g.H[z,z*(t)] 
M mm  ^  ^^ " J • T#» ^  ^^  /S  ^  ^  ^ m»  ^^ 
technique z at t when z*(t) is in use. 
The function SEz^ ztft)] has the following character­
istics: 
H[z*,z* (t)] = 1 , 
0 < H[z,z*(t)] < 1 , and 
E2,LZ;Z*(t)] "I 0 as z "I z*(t) 
where H^ LZjZ+Ct)] is the partial derivative of H with respect 
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to the given technique z. Integrating over the history of 
the firm. 
shows that the magnitude of current technical know-how on 
any given technique depends upon the past time path of tech­
niques used by the firm, z*(t), and the age of the firm (or 
the length of time for which the firm was operating at or 
"near" the given technique). Given this history of the 
firm, the technical know-how currently available depends 
upon the firm's current choice of technique. 
Determination of accumulated technical progress at a 
given technique requires integration over the history of 
the firm. It is reasonable to assume that the firm's his­
tory of techniques used is piecewise continuous so that 
such an integration is conceptually possible. 
The technical progress frontier at any moment is the 
function describing accumulated technical progress on all 
techniques. This frontier may not be continuous over tech­
niques. Consider the case where the firm has used the same 
technique, z*, since its inception and progress spills over 
to a finite range of techniques, [zg,z^ ], about z». At any 
time t after the firm comes into existence, 
A(z,t) > 0 for all z e [z^ ,z^ ], and 
In A(z,T) = g. j H[z,z*(t)]dt 
0 
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A(z,t) = 0 for all z i [z^ jz^ ] 
That is, for all 
z < z , A(z,t) = 0 and lim A(z,t) = 0 
Z-.Z-
while A(Zg,t) > 0. Therefore, the frontier is discon­
tinuous at ZQ and similarly discontinuous at z^ . If the 
firm's history of techniques is discontinuous the number 
of discontinuities in the frontier may be greater. 
The assumption that the spillovers of technical 
progress occur on all techniques z _> 0 will eliminate the 
discontinuities in the technical progress frontier. Tech­
nical know-how will be accumulating on all techniques at 
all times. Since the history of techniques z*(t) is piece-
Since H[z,z*(t)] is continuous with respect to z at any 
moment, then for any two distinct points (z^ jt^ ) and (z^ jt^ ), 
TiH G<a oriTrhT "nnrMio T-TT T-V> 
also piecewise continuous with respect to time and 
j H[z,z*(t)]dt 
0 




iH[z^ ,z*(t)] - H[z2,z*(t) ]}dt 
r 2 j H[z2,z*(t)]dt 
Since t is continuous, t^  can be made arbitrarily close 
to t^  so that 
r 2 
J H[z2,z*(t)]dt 
can be made arbitrarily small. The set of techniques is 
also continuous and jz^ -z^ j can be made as small as desired. 
By assumption, H[z,z*(t)] is continuous with respect to z 
so that 
lH[z^ ,z*(t)] - H[z2,z*(t)]l 
will become small as . Therefore, 
{H[z^ ,z*(t)] - H[z2,z*(t)]]dt 
0 




is continuous with respect to both technique and time at 
5^ 
(Zijti). This implies that 
gj H[z,z*(t) ]dt 
A(z,t) = e ° 
is continuous with respect to both variables and the tech­
nical progress frontier is at least piecewise smooth. Then 
dA 
dt = g.A(z,T) 1 H_[z,z*(t)]dt. ^  dt 
+ g.A(z,T)«H[z,z*(t)1 
= z AG(Z,T)  +  A^(2,T)  
where 
A (z,T) = g*A(z,T) t H [z,z*(t)]dt 
and 
A^ (z,T) = g.A(z,T)•H[z,z*(t) ] 
At a given technique the sign of A^  is, in general, 
not known. In some particular cases it can be determined. 
For instance, if z > z*(t) for all t £ [0,T], then 
H2[z,z*(t)] < 0 over the firm's entire history and 
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A^ CzjT) < 0. Similarly, for a technique which is more labor 
intensive than any used by the firm previously, A^ Cz,!) > 0. 
If the range of techniques used by the firm is finite, 
[2*,z|], than the technical progress frontier is such that; 
A(z*,T) > A(z,T) for all z < z* , and 
A(ZT,T)  >  A(z,T)  for all z > zf 
Thus, if the frontier has a maximum at some technique, that 
technique must lie in the compact set of the range of tech­
niques utilized historically by the firm. 
The spillover function, H[z,z*(t)], is continuous with 
respect to z and has a unit maximum for z = z*(t). For any 
finite history of the firm, 
H[z,z*(t) ]dt < 1 dt = T 
o 
and the technical progress frontier is bounded above; 
r' g H[z,z*(t) ]dt 
A(z,T) = e ° _< e^  ^
The frontier is also continuous with respect to z so that 
it must have a maximum on the compact range set and there­
fore on set 2 2 0" That is, there exists a (possibly not 
unique) technique within the range of techniques utilized 
by the firm during its history, at which the accumulation 
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of technical progress is a maximum. 
Let z(T) £ [z*,z.^ ] be a technique for which the tech­
nical progress frontier is currently at a maximum. When 
z(T) is an interior technique of this range and A(z,T) is 
smooth, then A^ Cz,!) = 0. If A(z,T) is not smooth, 
A^ Cz,!) is not uniquely defined but may be assigned a zero 
value since it is known to be a maximum. When z(T) = z* 
or z(T) = z£, the maximum is not at an interior point and 
A(z,T) is necessarily not smooth at z(T). At z*, Ag(z,T) >0 
from the left and A^ CZjT) _<0 from the right. Correspond­
ingly, at z£, A^ CZjT) >0 from the left and A^ CZjT) <0 from 
the right. 
The characterization of H[z,z*(t)] at any moment T in­
cludes [z,z*(t) ] ^0 as zJ z*T) for all >0. If H[z,z*(t)] 
is also assumed to be smooth over z 0, there must exist 
some neighborhood of z*(T) such that Lz,z*(t) ] < 0 for 
all z in this neighborhood. On the other hand, if 
HzzL2,z*(t)] < 0 for all z 2 0, then there must exist a 
finite z for which H[z,z*(t)] = 0. This contradicts the 
assumption that the (positive) spillovers of technical 
progress accrue to all techniques. 
In addition to the lack of knowledge about the sign 
of A^ CZjT) except at particular techniques, the curvature 
of A(z,T) is, in general, unknown even for those techniques 
where the slope is known. 
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AggCz,!) = g^ .A(2,T).( [ Eg[z,z*(t)]dt)^  
+ g.A(z,T). H^ gUjZ+Ct) ]dt 
= g.A(z,T). [g( H [z,z*(t)]dt)' 
Hz2[2îZ*('t) ]dt] 
With respect to the signs of both A^ Cz,!) and Agg(z,T), 
it is clear that the history of the firm is critical. With­
out specific knowledge of z*(t), it is not possible to know 
these signs. Assume, for example, that the firm has contin­
ued to operate using its original technique up to the 
present. The characterization of H[z,z*(t)] then indicates 
that; 
[z,z*(t) ] "I 0 as z z*(t) 
for each moment t. Therefore, 
_T 
Hg[z,z*(t) ]dt 0 as z z*(t) 
where z*(t) is the single technique which has prevailed 
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historically. 
Should capital suddenly become relatively less ex­
pensive, the firm would want to increase its capital in­
tensity. For all techniques, z > z*(T), 
A„(Z,T) = g.A(z,T) .  H_[z,z*(t)]dt < 0 
and an increase in capital intensity will impose a cost on 
the firm in the form of lost technical progress. This mar­
ginal cost of technique change will be increasing or de­
creasing depending upon the relative size of 
T .T 
g( Eg[z,z*(t)]dt)^  , and 
o 
H2zCzjZ*(t) ]dt. 
This in turn depends upon the technique being considered. 
If it is close to z*(T), then H2.[z,z*(t)] is close to zero 
historically and the square of 
T 
Hg[z,z*(t)]dt 
is a small positive number and may well be dominated by 
.T 
H__[z,z*(t)]dt < 0 
since !^ z,z*(t) ] < 0 historically even at z*(T). 
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As another example, consider a firm which has been in­
creasing its capital intensity monotonically in the past 
and is looking at a further increase at T. For all t _< T, 
Hg[z*(I),z*(t)] < 0 so that 
T 
Hg[z*(T),z*(t)]dt < 0 . 
o 
By the monotonicity assumption, no technique z > z*(T) has 
been used so the integral is strictly negative: i.e., 
J Hg[z,z*(t)]dt < 0 for all z > z*(T) 
o 
Again an increase in capital intensity will impose a cost 
upon the firm but this time the cost may be large because 
z*(T) and those techniques near z*(T) may not have been 
used for very long. This means that [z,z*(t)] took on 
large negative values over most of the firm's history. 
Thus it may be possible that 
2 I I g( J  Idt) > | j  H^ [^z.z*(t) Idt j 
o o 
When a change of technique imposes a loss of effi­
ciencies, this loss represents a cost to the firm in the 
form of foregone output which cannot be an external cost. 
That is, the cost of changing techniques today depends in 
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part on past techniques used by the firm and is neces­
sarily an internal cost to the firm. Thus when technical 
progress is localized, the history of the firm becomes im­
portant because the production decision for each moment 
will have consequences for future production possibilities. 
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IV. M OPTIMIZING MODEL OF THE FIRM 
The optimizing model of the firm is not solvable when 
a general function representing localized technical progress 
is added to the model. To demonstrate some of the diffi­
culties, this chapter presents such an optimizing model. 
The firm operates a production process transforming flows 
of capital (K) and labor (L) services into a flow of out­
put (Q). The flow of capital services is assumed to be 
proportional to the stock of capital employed by the firm. 
The production function is strictly increasing, concave, 
and twice continuously differentiable. 
Q = F[K,L] 
Fj.[K,L], Fl[K,L] > 0 
r 1 




The instantaneous depreciation of the capital stock is 
a constant proportion (6) of the stock: 
K = I - 6K 
where I is the real flow of gross investment. 




where z = K/L represents a given technique of production and 
A[z,t] is the accumulated technical progress on that tech­
nique at time t and A[z,0] = 1. Since A[z,t] represents 
available technical progress, some assumption about the 
technique(s) used is necessary. It might be assumed that 
only a single technique is in use at any one time. Then 
A[z,t] has a unique value at time t. If the firm is not 
to be restricted to a single technique at each moment, an 
assumption must be made about the rate at which progress 
occurs on each technique in use. For instance, it might be 
assumed that progress occurs at the same rate on all tech­
niques used regardless of the intensity of use of each 
technique. Alternatives would be that progress on a par­
ticular technique in use is proportional to the share of 
output produced by use of that technique or to the share of 
labor used on that technique. This last assumption might 
be best if progress is believed to be of the learning by 
doing variety. To look at the difficulties of the optimal 
control problem it is assumed here that the firm uses only 
a single technique at any moment. 
The instantaneous rate of change of progress is: 
A[z,t] = zAg + A^  
where 
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z = K/L(K/K - L/L) 
It is assumed that the firm faces perfectly competitive 
input, product, and capital markets at an output price (P), 
'-'age rate (W), price of capital goods (G), and interest rate 
(r). At each point of time the firm forms a set of expected 
price paths for the future. The expected price paths are 
assumed to be constant at the current prices and in addition, 
output price is assumed to be unitary. 
The firm acts to maximize its expected present value: 
o^ = iAEz,t]*F[K(t),L(t) ] - W-L(t) - G-I(t)} 
to 
-r(t-t ) 
e ° dt 
At t^  the firm inherits a capital stock from the past and 
the maximization is constrained by KCt^ ) = K^ . The firm's 
problem is to choose paths for K(t) and L(t) which maximize 
VQ subject to: 
K = I - 6K ; 
K(t„) = i 
L = L ; and, 
À = zAg + - L/LJAg + A^  
6k 
The optimal control formulation of the model requires 
that technical progress, A[z,t], be treated as a single var­
iable or at most a countable vector of variables corres­
ponding to a countable set of techniques. However, if 
progress is to be a continuous function of both time and 
technique, then A[z,t] is an uncountable frontier having 
at any moment a value for each z ^  0. One method of 
obviating this problem would be to assume that the firm 
is restricted to a finite set of possible techniques. 
The use of L as a control variable restricts the 
firm's ability to adjust its labor input because labor is 
not a perfectly variable factor in the sense that it can 
be changed instantaneously by any amount. The labor input 
function must be continuous over time. Therefore, z must 
be continuous and technique adjustment is necessarily time 
consuming. Since the purpose here of the introduction of 
localized technical progress is to see if technique adjust­
ment, and therefore factor adjustment, would be continuous 
rather than instantaneous, the use of L and I as control 
—» — *1^  T  ^ ^ ^ ^  ^ m  ^ a m   ^ X  ^^  1 4 m ^  m»  ^ 4 T *1 
J. vyu. U-Ct aa XU J|JJ. v jr  
of instantaneous adjustment. The conclusion is assumed 
rather than derived. 
At any time accumulated technical progress available on 
any given technique will depend upon the history of tech­
niques used. If the firm has used more than a single 
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technique over the period of this history, the technical 
progress frontier, A[z,t], will not be a concave function. 
This means that the integrand in the optimal control max­
imizing problem will not in general be a concave function 
over the domain z 2 0, t > t^  and there may not exist a 
unique maximizing path. 
The Hamiltonian expression for this problem is: 
H[K,L,A;I,L5p,q,s] 
= {A[z,t]-F[K,L] - WL - GI + p(I-6K) + qL 
This expression is the net cash flow of time t, AF - WL -
GI, adjusted for the expected later net cash flows of in­
vestment, p(I-5K), labor changes, qL, and changes in ac­
cumulated technical know-how, 
projected to be carried out in time t. The sum of all of 
these is discounted by the expected interest rate path, r, 
between the time of planning, t^ , and time t. The expected 
net cash flow of t is assigned a unit shadow price and p, 
q, s are the shadow prices of changes in K, L, and A re­





The necessary conditions for an interior solution for 
this problem are: 
1 )  l f = P + s ^ A 2 = G  ;  a n d ,  
2) 4 = q = s ^  A 
ÔL  ^
The canonical equations are the initial conditions: 
^ = T .  f f i f - h  ^ = û î  /^ — -v  ^J — ^ ~r\ ^ —r\ J > ~r\ ' —r\ ? 
the equations of motion: 
V )  K = I - 6 K ; L = L ; A =  z A ^  +  A ^ ;  
the transversality conditions: 
-r(t-t ) -r(t-t ) 
5) lim pe = lim qe = 0 ; 
t -V <» t 
-r(t-t ) -r(t-t^ ) 
lim se = lim gAFe = 0 ; 
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and the following differential equations: 
"S = i V + ^ tz)] 
= rp - p 
7) -# = - & V + jj 
+ + 4z) ^ - 4 
8) "if ~ ^  ~ (r-l)s - s 
It is possible to integrate 8) and derive s as a func­
tion of K, L, and r. Substitution of this solution for s 
in 6) and 7) will not generally make it possible to find 
solutions for K(t) and L(t) which satisfy these two simul­
taneous differential equations. It may be possible, how­
ever, to arrive at some qualitative results when additional 
assumptions are imposed upon the firm. 
Since the control problem cannot be solved the next 
chapter describes an effort to simulate the firm when tech­
nical progress is localized. It is assumed that the firm 
has a finite planning horizon and knows the optimal technique 
to be in use at the end of the horizon. It then considers 
all technique paths in a class of paths between the present 
technique and the known terminal technique. Out of such 
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paths the optimal path is chosen and compared with the 
technique path which the firm would choose by using static 
optimization criteria to determine factor inputs and 
technique. 
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V. SIMULATION MODELS OF TECHNIQUE ADJUSTMENT 
Arrow (1) (and Bardhan, 3? Levhari, 15, 16) have demon­
strated that when technical progress takes the form of 
learning by doing a perfectly competitive private market 
will reward and accumulate capital at less than the socially 
optimal rate. Since each investment includes all past learn­
ing, the act of investing benefits all future investors by 
adding to the stock of knowledge. The private marginal 
productivity of capital does not recognize this contribution 
which is included in the social marginal productivity. 
With localized technical progress knowledge accumulated 
while a particular technique of production is in use will 
spill over to nearby techniques so that the progress is not 
embodied in the particular technique in use. When the whole 
frontier of technical progress is considered, however^  each 
technique, whether it has been utilized or not, will have at 
any moment a unique degree of progress which would represent 
the amount of effective technical progress should that tech­
nique be immediately utilized. In this sense, the knowledge 
accumulated on any technique is embodied in that technique 
of production. In the Arrow model where no knowledge is 
ever lost (1), each new investment incorporates all past 
progress and progress is a monotone increasing function of 
time. With localized progress it is still true that 
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knowledge is never lost but the effective progress available 
to be used depends upon which technique is being used and 
how the technique in use is being changed. While there is 
no change in the prevailing technique, progress is a mono­
tone increasing function of time. If the firm changes to 
a technique with little or no effective progress from a 
technique with significant progress, then progress will 
diminish during the period of technique adjustment or some 
portion of that period. 
This implies that more information is needed in the 
localized progress case in order to determine whether the 
private marginal productivity of capital is greater than, 
equal to. or less than the social marginal productivity. 
Specifically, it is necessary to know future relative fac­
tor prices and the shape of the technical progress frontier 
to determine the future desired technique of production. 
The shape of the frontier will depend upon the history of 
the firm and the technical progress function which determines 
the degree to which progress spills over to techniques other 
VXACbXA V W, ifc I I V W WA-AA fcq. # 
There is a basic difference between the Arrow case and 
the model presented here. In the Arrow case there are 
intertemporal externalities accruing to all future investors 
from the action of today's investor. These are externalities 
in the usual sense where one person's action benefits or 
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harms another and a divergence between private and social 
marginal product occurs. 
In the localized progress model there need not be any 
interfirm externalities. Within a single competitive firm 
the use of one technique confers a benefit on the use of 
other techniques in the form of technical progress. These 
"external" benefits reaped by one technique from the pro­
ductive use of another technique are inversely related to 
both the "distance" between the two techniques and the de­
gree to which technical progress is localized. 
A divergence between private and social optimization 
may be due to the firm's lack of knowledge about future 
factor prices relative to the amount of such knowledge 
available to society. At the one extreme would be a per­
fectly competitive firm with perfectly inelastic price ex­
pectations. It can adjust techniques instantaneously and 
does so in response to every change in factor prices but 
makes no predictions about future changes in conditions. 
At the other extreme is a competitive firm with perfect 
knowledge of the future= It knows what the optimal margi­
nal rate of technical substitution will be at each future 
moment. It also knows how each technique will benefit from 
spillovers of technical progress. Knowing where it is going 
and the technological characteristics of the alternative 
routes allow the firm to choose an optimal route. 
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To the extent that society has knowledge about future 
conditions which is not available to the firm, society can 
predict what technique the firm will be using in the future 
and how it will arrive there by its static optimization 
technique. If the present discounted value of the firm 
using this ignorance path differs from the present dis­
counted value which would result from using the path in­
corporating society's knowledge of the future, then it may 
be desirable to subsidize the firm. This might take the 
form of distributing information about future conditions. 
Even if the firm has knowledge about the future con­
ditions facing it, when technical progress is localized 
adjustment of the technique of production may be delayed. 
Delayed adjustment will mean that technical progress avail­
able to be used on the future optimal technique will always 
be less than it would have been had the firm changed tech­
niques immediately. Society may have a lower rate of time 
preference than individual firms within the society. This 
would be reflected by a policy goal of a high rate of growth 
of real production. Thus, if society wishes to increase the 
rate of growth of real production and that rate depends upon 
increasing capital intensity, it may be desirable to induce 
immediate technique change by means of tax or subsidy 
policies. 
In the next section the two extreme cases mentioned 
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above are approximated in the form of simulation models. 
The simulation results and the optimal technique paths are 
described in the subsequent section. 
A. The Simulation Models 
The first model described in this section is intended 
to simulate the static optimizing behavior of a profit max­
imizing firm over time when localized technical progress is 
a significant element of the technology available to the 
firm. The simulation utilizes a finite history of tech­
niques used by the firm. This is a necessary condition 
to place an upper bound on current technical progress avail­
able to the firm. It might be assumed that the firm actually 
has a finite history or that only its recent history is rel­
evant to current productivity: In any czse- the role of the 
firm's history is to determine the shape of the technical 
progress frontier and this can be accomplished with a finite 
history. The firm maximizes profits in each period of a 
finite planning future. The time path is a series of dis­
crete intervals of time of equal length. The firm is as­
sumed to have used a unique production technique during each 
interval of its history and is allowed to plan each future 
interval of the planning period in such a way that only a 
single technique will be used in each interval. The sequence 
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of planned techniques is that which is optimal given the 
unique history of techniques utilized up to the planning 
period. 
The technology available to the firm is assumed to be 
a Cobb-Douglas production function with technical progress: 
Qt = < 4 
where 
z,t = = K^ /L^  
is the technique in use at time t. Technical progress, 
is localized as described in Chapter III and will de­
pend upon the particular history of techniques used by the 
firm, z*, s < t. The production function assumes diminish­
ing returns to scale, a + b <1, and constant output elas­
ticities of capital and labor, a = .25 and b = .70 re­
spectively. 
Technical progress is assumed to occur at the rate 
g = ,03 on the prevailing technique in each period. Prog­
ress spills over to all other techniques, but the spill­
overs diminish with the distance |z-z|j of the given tech­
nique z from the prevailing technique z|. This is achieved 
by assuming that the spillovers are normally distributed 
about the prevailing technique with standard deviation cr .  
The model is simulated with alternative degrees of 
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localization, cr. As a progress approaches generalized 
progress occurring equally on all techniques. The progress 
becomes largely generalized for a = 3*0* As cr -»• 0, the 
progress approaches strictly localized progress occurring 
only at the prevailing technique and having no spillovers. 
Thus, the accumulated technical progress at time t on 
any given technique will depend upon the distance of that 
technique from each technique used in the past, s < t. 
where z is the given technique being considered at t, z^ ; 
and, 
H = e " ® for all s e [0,t] 
At any technique, accumulated progress will vary as the 
technique varies and the change in available progress will 
again depend upon the history of the firm. From the re­
cursive character of A^  ^  described above, progress can also 
be written as 
t -(z.-z*)^ /2cr^  
A^  t = n [1 4. ge t s ] 
s=l 
76 
for any technique being considered at t. 
For each period s ^  t, define a new variable: 
-(z.-z*)2/2o2 




At the technique being considered, z^ , defineî 
F = = - g/a^ Cz -z*) e"^ t^-=s) 
az^   ^ ® 
for any time s < t and the historical technique z* pre­
vailing at time s. Then: 
—^   ^n E_ + —^  n E_  ^+ ... 
ÔZ. az. S=2 az. s=l 
 ^  ^ t s^ 2 
aE , t-1 
+ —^  n E^  ^  
A 9:  e=1 ^5® 
7^ t "^ Z t "^ Z t 





The value of the firm's production for any interval t 
of the planning period is: 
where expected output price remains at the current level: 
h = Pt-i 
for all t > n where n is the moment when the planning occurs. 
The expectation is held with certainty. 
The expected wage rate follows: 
= (1 + w) 
Simulating with various values of w allows the use of dif­
ferent but certain wage expectations. 
The expected price of a unit of capital goods is: 
for all t > n 
Thus, the relative input price, W^ /G^ , can varied by use 
of w ^  0. 
For a given history of capital and labor inputs and 
production, progress, and price parameters, the firm 
chooses its optimal capital and labor inputs—and therefore 
its technique of production and effective technical 
progress—for the immediate time period so as to maximize 
profits in that period. Since it has static expectations 
it does not anticipate any future technique changes. Thus, 
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the firm determines its instantaneously optimal technique 
and level of production where output is: 
Qt = 4 • 
The firm chooses and in each period so as to maxi­
mize: 
t^ t^*-^ z,f^ t"^ *^^ t " ^t'^ t - (r+&)*G^ -LfZt 
subject to the given history; 
t = 0,1,...,n ; 
the given parameters: 
g,a,a,b,w,6,r,n, and If; 
and the constraint: 
4 = ^ +1 - (1 - Kt • 
This paper is concerned with the situation in which 
technical progress is unique to the particular firm. How­
ever, the static problem as posed here could also apply to 
the perfectly competitive profit maximizing firm in an in­
dustry where each firm's contribution to technical progress 
in each period is proportional to its share of the market. 
Then since the individual firm is not aware of its contribu­
tion to technical progress, it fails to recognize any 
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externality which might arise from a change in its technique 
of production. The firm has no control over future avail­
able technical progress so it "behaves like the static firm 
above. 
The necessary conditions for profit maximizing inputs 
are: 
(a4.b)P^ Ag^ l^%+^ -^ z% = + (r+6)GjZ^  ; or, 
1) + (r+ô)G^ z^ ]/[(a+b)P^ A2^ z^|] ; and, 
or 
2) + ^ z,t^  = ir*b)G^ 
where 
Substituting for in 1), 2) is a function of z^  alone 
h\,t [ ]/[(a+b)PtA2,t3t ^ , 
= (r+6)G^  
and simplifying, 
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[W^ +(r+6)G^ z^ ][a/z^ +AJ. = (a+b)(r+&)G^  
Multiplying through by z^ : 
[W^ +(r+&)G^ z^ ][a+z^ A^ ^^ /A2.^ ]^ = (a+b)(r+6)G^ z^  ; or, 
z.A' ^  
3) aW^  - b(r+6)G^ z^  + [W^  + (r+6)G^ z^ ] = 0 
z, t 
is the profit maximizing condition for technique choice when 
labor is optimally chosen to satisfy 1). 
When technical progress is not localized, A^  ^  = 0, 
and this condition becomes the usual Cobb-Douglas result 
that the ratio of factor incomes is equal to the ratio of 
output elasticities: 
r / _ . < \ m XT "I/Tt-t t  1 -,  ^
i_ I I*-hO / J/ (.«-t-JJj- J — &/ u * 0 0 U V 
The optimal technique at any time t would be: 
z^  = (a/b)• [W^ /(r+6)G^ ] 
The model assumes that at the time of planning, t = n, the 
firm employs the factors according to their marginal pro­
ductivities so that: 
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Thus, in the model and are calculated knowing 
\,n' "n' ^  V 
Tî^ = 
where w is the assumed rate of change of relative factor 
prices, t £ [n,N], and 
This optimal path with generalized progress is an 
interior solution. That is, as the wage-rental ratio 
rises in each period over the planning horizon, capital 
intensity increases in each period. The adjustment of 
capital intensity does not occur entirely in the first or 
last period but continuously over the planning horizon. 
The optimal paths for z^  when progress is completely 
generalized can be compared with the paths which are optimal 
under various degrees of localization. Since localized 
progress reduces the elasticity of factor substitution the 
firm's adjustment of the technique of production for a given 
change in relative factor prices will decrease with the de­
gree of localization. The maximum response of ^  to changes 
in the wage-rental ratio will occur for generalized progress. 
Thus, for each measure of localization, the value of z^  will 
82 
be less than the value of determined by the equations 
above for generalized progress. The path of techniques 
chosen with localized progress is always less capital in­
tensive than the path determined for generalized progress 
and the optimal path chosen approaches the optimal path 
with generalized progress monotonically as the degree of 
localization diminishes. 
Equation 3) is nonlinear in z^  because of the non-
linearity of The simulation model approximates a 
solution for z^  which satisfies the condition. This value 
of z^  is this substituted in 1) which is solved for the 
optimal L^ ; 
Then 
Kt = Lt'Zt ; aoa, 
h-l = Kt - (l-i)-Kt.i • 
This model determines the optimal path of techniques 
under various assumptions about the degree of localization 
of technical progress and the rate of change of relative in­
put prices when the firm follows static decision rules. 
These static optimal technique paths can then be compared 
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with dynamic optimal paths. It would be desirable to de­
termine the dynamic optimal paths by use of an optimal con­
trol model. As the previous chapter points out, such a 
model is not feasible for several reasons. The maximand 
may not be a concave function, the control problem requires 
the technical progress frontier to be both countable and 
uncountable, and since I and L must be control variables 
the model assumes rather than derives z to be a continuous 
function of time. 
Since it is not in general possible to solve the op­
timal control problem to determine dynamically optimal 
technique paths, these paths are approximated by a simu­
lation model. In the simulation model it is assumed that 
the firm knows at the time of planning what its desired 
terminal technique, z^ , will be. It then considers all 
technique paths in a class of paths between the present 
and terminal techniques. 
The desired terminal technique is chosen to be the 
technique which would be optimally used during the last 
period of the plaiming future if the firm's expectations 
of changes in relative factor prices during the planning 
future should be realized. That is, based on its expecta­
tions of factor prices, the firm determines its optimal 
technique for the last period of the plan and establishes 
that technique as the desired terminal technique. The firm 
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ignores the possibility of changes in effective technical 
progress and determines its desired terminal technique as: 
Zlî = 
The simulation considers two finite histories of tech­
niques which have been used by the firm. One is a constant 
history where the same technique has been maintained through­
out the relevant past. The second is a history of capital 
intensity which has increased by one percent of z, in each 
period. It is assumed that the firm expects the relative 
price of labor to rise continuously over the planning hori­
zon. Under these conditions the firm would never be expected 
to choose a technique which is less capital intensive than 
any technique previously employed. That is, for all t > n, 
U XI 
These conditions also imply that the maximum capital 
intensity will occur in the last period of the planning 
horizon, t = N. Should the firm use a more capital in­
tensive technique in some period t < N and then return to 
Zjj at t = N, it vould be becoming more labor intensive while 
the relative price of labor is still rising. Therefore, 
only paths of monotone nondecreasing capital intensity are 
considered. 
Let C represent a class of monotone technique paths. 
For each c £ C, z^  ^  for t = n,n+l,...,N is a unique path 
85 
for which L^ , K^ , and are chosen to maximize the 
present discounted value of the firm at n. Ij. is de­
termined by and tie written as the 
product of and z^  by the definition of z^ . Therefore, 
once a path z . is designated by a choice of c e C, the 
C • 0 
problem requires a maximization with respect to L^ . The 
optimal values of and are then known once the opti­
mal value of is determined. 
The firm then chooses c^  s C such that the optimal 
L^ , K^ , and corresponding to c^  maximizes the present 
discounted value of the firm over all c e C. Technical 
progress is accumulated as in the static model. 
The problem is to maximize over C: 
subject to the given history of techniques used: 
K^ , t = 0,1,...,n ; 
the given parameters: 
c,g,cT,a,b,w,ô,r,n, and N , 





and the constraint: 
^t ^t+1 ' ^t h+l^c,t+l ' (1-G) Lt^c,t ' 
Therefore, 
^ fS til - Vt - GtLt+lZc,t+l 
+ (l-&)G^ L^ z^  ^ ] (X+r) 
and the necessary maximizing condition is: 
+ (l-&)G^ z^ ^^ ].Cl+r)^ "^'^  ^=0 
for each t = n+l,...,N; or 
• a+h—l„a (a+b)P^ Ag^ L^^  " - ^ t "• f^ l+r)Gt-l " '^ c^,t' 
so, 
1 
r^ t ^  [(l+r)Gt_i - (l-&)Gt]Zc^ ti 
- L" 
(a+b)PtA2.t: 
Kt = Lt =c,t; aod, 
It-1 = Kt - (1-M-K^. j  
J \j C ^ 1/ 
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Then, 
 ^ a+b„a 
and 
Tc = - "tS - GA+l^ o,t+l 
+ (a-b>PtA,^ , 
t^ t -ct.l + Ot^ t.1%^  
+ a-6)Gtl-5^  Zc,t + 
„ °^ e.t „ fz ^^ t+l 
t azc^ t c,t+l a2c,t+l 
9z 
4^- , 1 J t+1 3c 
'c .t+1 
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where, as in the static model, 
Az,t " 3Aa,t/*Zo,t • 
To determine the value of c^  and therefore the path of 
techniques which will maximize V, it is necessary to know 
the signs of 9z^  ^ /6o, and BL^ /9z^  The particular 
class of technique paths used in the simulation is: 
-C,t = - V 
where the corners occur when c = 0 and c = °° and the cor­
responding paths are Zg % = and z^  ^  = z^ . Then 
àz^ . 4- „ c 
ag'' = (^ ) [In(t-n) - In(N-n) ](zjj - < 0 
for t £ (n,N) and the paths approach ^ monotonically as 
c increases. 






. 1 Wt + [(l+r)Gt_i -
^^ c,t " Vz,t 
. [.[ a  ^ ["t + [(l+r)Gt_i -(l-&)Gt]Zc_tj 
c^,t Az,t (a+b)PtA2,t =o,t 
l(l+r)G^. , - (1-6)0,.] 
+  ^T . 
4,t 
The first term is negative and the second is positive. The 
signs of the last term depends upon the (in)equality: 
[(l+r)G^.l - {l-î.)G^] ^ [a/2c,t + 
+ 3c,t[(l+r)&t.l - (l-t)Gt]] • 
In general; 
[(l+r)Gt_i - (1-6)G^ ] 
° < Wt + Zc,tL(l+r)Gt_i - Cl-^ )GtJ < ' ' 
so with a = .25 and z , > 1, a/z . is a small positive 
C - L* O  ^ u 
fraction. Again, it is the history of the firm and the de­
gree to which technical progress is localized which determine 
the sign and absolute value of A' and A ^  . and are the Z ^  V Z ^  V 
critical determinants of the sign of SL^ /Bz^  
For a constant or monotone increasing history of capital 
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intensity and strongly localized technical progress: 
< - a/Zo,t < 0 
SO the third term is positive and 
9L^ /9z^  ^  < 0 , for all t . 
Thus for this type of history and technical progress, 
an increase in capital intensity would impose a loss of 
technical progress sufficient to make the firm not only add 
capital and increase output but to also cut back on its 
labor input and offset at least part of the increase in 
output. 
If the technique in question has accumulated a great 
deal of progress over the history of the firm,  ^may be 
large enough so that: 
" a/Zc,t ^  
and it is possible that: 
This same result occurs if technical progress is generalized 
or the firm is near a maximum on the technical progress 
frontier. 
For any time period, the corresponding term in the sum­
mation of dV/dc may by positive, negative, or zero. If the 
summation is positive for all c e [0,°=], then dV/dc > 0 and 
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the optimal solution is the corner, c = ». Adjustment is 
immediate. When dV/dc < 0 for all ce [0,=^ , the other 
corner, c = 0, is optimal and the firm uses  ^ until 
t = N when it changes instantaneously to z^ . The interior 
solution, c e (0,°°), occurs if dV/dc = 0 for some path 
Zg Adjustment will then be time consuming. 
The choice of an optimal path will also depend upon 
the rate at \diich the firm discounts future net cash re­
ceipts. For any given path a higher discount rate r, 
would cause the firm to place a greater relative value on 
early net cash receipts than on later receipts. This in­
creased concern for early receipts implies that the firm 
will be less aware of the future benefits provided by cur­
rent technological progress. Thus, it might be anticipated 
that earlier technique adjustment would be optimal at low 
discount rates which allow the firm to be less interested 
in lost technical progress incurred as technique changes 
in the earlier periods. Conversely, at high discount rates 
the importance of early returns may cause the firm to retain 
its current technique in order to retain and accumulate the 
effective technical progress on this technique and the early 
benefits which follow. The high discount rate would mean 
that the large loss of progress resulting from a single last 
period technique change would be of little concern to the 
firm. 
92 
B. The Simulation Results 
The static optimization model assigns the following 
values to the parameters in addition to those already dis­
cussed: 
6 = ,10 
r = .15 
n = 10 
N = 60 
The remaining parameters are assigned alternative values: 
w = 0.01, 0.02 
a = .05, .25, .50, 1.00, 2.00, 3.00, 25-00 
The history of techniques used is ten periods long. Two 
such histories are considered. The first is a constant 
history where = 1.00 for all t = 1,...,10. In this ease 
the prices of capital and labor respectively at t = 10 are 
1.305 and .913 regardless of the degree of localization of 
progress or the rate of factor price change. The second 
history is one of monotone increasing capital intensity 
with zf = 1.00, z^ Q = 1.90, and z* increasing by one-tenth 
in each period. 
In the static problem, if technical progress were com­
pletely generalized, then the optimal technique at time t 
would be: 
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With a constant history this path would be: 
= (1.01)(t"^ )^ for w = .01; and, 
2^  = (1.02)(t-10) for w = .02. 
This path for the history of monotone increasing capital 
intensity would be: 
2^ = (1.9)(1.01)for w = .01; and, 
2^  = (1.9)(1.02)(t-10) for w = .02. 
The terminal values of capital intensity at t = 60 for 
these four situations would be: 
2^ q = 1.6^ 5; 2.692; 3-125; and, 5.114 
respectively. The accumulated progress at t = 60 when 
progress is completely generali2ed would be: 
Ag 60 = vl-g)^  ^= (1.03)^  ^= 5.72 . 
Table la contains the results for capital, technique, 
and effective technical progress when the firm has used a 
constant historical technique and the wage rate increases 
by one percent in each period. Capital usage (K) and capital 
•9^  
Intensity increase more when progress is generalized. When 
progress is tightly localized (a = .05) the increase in 
capital intensity over the fifty periods is not evident to 
four significant digits. 
Looking across the table for any time period shows that 
effective technical progress is approximately the same for 
all measures of localization of progress. That is, for each 
degree of localization the change in technique in any period 
is such that effective technical progress is the same. The 
more generalized the progress, the larger is the change in 
capital intensity which can be made without loss of techni­
cal progress. 
Similar results appear in Table lb for the situation of 
a constant history but an increase in the wage rate each 
period of two percent. Although capital employment in­
creases continuously over the period for each measure of 
localization, it does not increase as rapidly as in the one 
percent case. This is because the change in relative factor 
prices is caused by an absolute increase in the cost of one 
factor. The cost of labor- increases twice as fast in the 
two percent case as in the one percent case so that the in­
creases in usage of both labor and capital occur at a slower 
rate in the two percent case. 
With the relative cost of labor rising twice as fast, 
the increase in capital intensity is greater-in the two 
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Table la. w = 0.01; z£q = 1.00 
K Z A K Z A 
lQI 
10 1.000 1.000 1.30 
11 1.558 1.000 1.34 
12 2.428 1.000 1.38 
13 3.783 1.000 1.43 
14 5.892 1.000 1.47 
15 9.173 1.000 1.51 
16 14.28 1.000 1.56 
17 22.21 1.000 1.60 
18 34.54 1.000 1.65 
19 53.70 1.000 1.70 
20 83.45 1.000 1.75 
21 129.6 1.000 1.81 
22 201.3 1.000 1.86 
23 312.5 1.000 1.92 
24 484.9 1.000 1.97 
25 752.2 1.000 2.03 
26 1166. 1.000 2.09 
27 IS08. 1.000 2=16 
28 2802*. 1.000 2.22 
29 4340. 1.000 2.29 
30 6721. 1.000 
31 0.1040E 05 1.000 
32 0.1610E 05 1.000 2.50 
33 O.249OE 05 1.000 2.57 
34 O.385IE 05 1.000 2.65 
35 0.5953s 05 1.000 2.73 
36 O.9199E 05 1.000 2.81 
37 0.1421E 06 1.000 2.90 
38 0.2195E 06 1.000 2.98 
39 0.3388s 06 1.000 3.07 
40 O.5228E 06 1.000 3.17 
41 0.8066E 06 1.000 3.26 
42 0.1244E 07 1.000 3.36 
43 O.I918E 07 1.000 3.46 

































































































































































0.460% 07 1.004 
0.709^E 07 1.004 
0.1093E 08 1.004 
0.1682E 08 1.004 
0.2591s 08 1.005 
0.3987E 08 1.005 
0.6134E 08 1.005 
O.9433E 08 1.005 
0.1450s 09 1.005 
















































































































Table la (Continued) 























































1. ni Q 
45 0.47152 07 
46 0.7268E 07 
47 0.1120E 08 
48 0.1725E 08 
49 0.2659E 08 
50 0.4093E 08 
51 0.6299E 08 
52 0.9692E 08 
53 0.1492E 09 
54 0.2294E 09 
55 0.3527E 09 
56 0.5420E 09 
57 0.8326E 09 
58 0.1280E 10 
59 0.1965E 10 







































0. ^26^ 7E 07 
1.020 3.67 0.5045E 07 
1.020 3.78 0.7795E 07 
1.020 3.89 0.1203s 08 
1.020 4.01 0.1857E 08 
1.021 4.13 0.2867E 08 
1.021 4.25 0.4423E 08 
1.021 4.1a O.6823E 08 
1.021 4.51 0.1052E 09 
1.022 4.65 0.1622E 09 
1.022 4.79 O.25OOE 09 
1.022 4.93 0.3849s 09 
1.022 5.08 O.5929E 09 
1.022 5.23 O.9128E 09 
1.023 5.39 0.1405E 10 
1.023 5.55 0.2161E 10 









































































Table la (Continued) 
K Z A K Z A 


























































31 0.1186E 05 
32 0.1848E 05 
33 O.2878E 05 
34 0.4482E 05 
35 0.6977E 05 
36 0.1086E 06 
37 0.1689E 06 
38 0.2627E 06 














































1.111 2.35 79O6. 
1.115 2.43 0.1235E 05 
1.119 2.50 O.193OE 05 
1.123 2.57 0.3014s 05 
1.127 2.65 0.4707E 05 
1.131 2.73 0.7347E 05 
1=135 2,81 0.1147E 06 
1.138 2.89 0.1789s 06 
1.142 2.98 O.279IE 06 
1.145 3.07 0.4351s 06 
1.149 3.16 0.6786E 06 
1.152 3.26 0.1057s 07 
1.155 3.35 0.1648E 07 
1.158 3.45 0.2567E 07 






































































Table la (Continued) 
K Z A K z A 
%\cr 2. 00 3. 00 
0.5734E 07 1.165 3.66 0.6223E 07 1.236 3.66 
46 0.8895% 07 1.168 3.77 0.9688E 07 1.241 3.77 
47 0.1379E 08 1.170 3.89 0.1507E 08 1.246 3.89 
48 O.2138E 08 1.173 4.00 0.2345s 08 1.251 4.00 
49 0.331^ 8 08 1.176 4.12 0.3648s 08 1.256 4.12 
50 O.5137E 08 1.179 4.25 0.5673E 08 1.261 4.25 
51 0.7957E 08 1.182 4.37 O.8813E 08 1.265 4.37 
52 0.1232E 09 1.184 4.50 O.I37OE 09 1.270 4.50 
53 O.1908E 09 1.187 4.64 0.2129s 09 1.275 4.64 
54 0.2952E 09 1.189 4.78 0.3306E 09 1.279 4.78 
55 0.4569E 09 1.192 4.92 O.5132E 09 1.283 4.92 
56 0.7065S 09 1.194 5.07 0.7970E 09 1.288 5.07 
57 0.1093% 10 1.197 5.22 0.1237E 10 1.292 5.22 
58 0.1689E 10 1.199 5.37 O.I918E 10 1.296 5.37 
59 0.2610E 10 1.201 5.54 0.2975E 10 1.300 5.53 
60 0.4034E 10 1.204 5.70 0.4613E 10 1.304 5.70 
25.00 
10 1.000 1.000 1.30 
11 1.571 1.010 1.34 
12 2.469 1.020 1.38 
13 3.878 1.030 1.43 
14 6.093 1.040 1.47 
15 9.577 1.051 1.51 
16 15.04 1.061 1.56 
17 23.64 1.0/2 1.60 
18 3/.13 1.082 1.65 
19 58.35 1.093 1.70 
20 91.66 1.104 1.75 
21 144.0 1.115 1.81 
22 226.3 1.126 1.86 
23 355.7 1.138 1.92 
24 558.7 1.149 1.97 
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Table la (Continued) 
K Z A K Z A 
25.00 
25 877.6 1.160 2.03 
26 1379. 1.172 2.09 
27 2168. 1.184 2.16 
28 3^ +06. 1.196 2.22 
29 5352. 1.208 2.29 
30 8403. 1.219 2.36 
31 0.1320E 05 1.231 2.43 
32 0.2074E 05 1.243 2.50 
33 0.3257s 05 1.255 2.57 
3^  O.5II9E 05 1.268 2.65 
35 0.8039E 05 1.280 2.73 
36 0.1263E 06 1.293 2.81 
37 0.1984E 06 1.305 2.90 
38 O.3II6E 06 1.318 2.99 
39 0.4896E 06 1.331 3.07 
1+0 0.7691E 06 1.344 3.17 
hl 0;1208S 07 1,357 3.26 
h2 O.I898E 07 1.371 3.36 
O.298IE 07 1.384 3.46 ll)\ 0.4684E 07 1 = 398 3? 56 
1+5 0.7355E 07 1.411 3.67 
L6 0.1155E 08 1.425 3.78 
h7 0.1815E 08 1.439 3.89 
48 O.285OE 08 1.453 4.01 
1+9 0.4476E 08 1.467 4.13 
50 0.7030E 08 1.481 4.26 
51 o=iio4e 09 1.495 4.18 
52 0.1734E 09 1.510 4.51 
53 0.2723E 09 1.524 4.65 
9+ 0.4276E 09 1.539 4.79 
55 0.6717E 09 1.554 4.93 
56 0.1055s 10 5.08 
57 0.1656E 10 1.584 5.23 
58 0.2601E 10 1.599 5.39 
59 0.4083E 10 1.614 5.55 
60 0.6414E 10 1.630 5.72 
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Table lb. w = 0.02; z*q = 1.00 
K Z A K Z A 
.05 .25 
10 1.000 1.000 1.30 1.000 1.000 1.30 
11 1.3^ 6 1.000 1.34 1.348 1.000 1.34 
12 1.812 1.000 1.38 1.815 1.001 1.38 
13 2.435 1.000 1.43 2.440 1.001 1.43 
Ih 3.267 1.000 1.47 3.277 1.002 1.47 
15 4.377 1.000 1.51 4.392 1.002 1.51 
16 5.856 1.000 1.56 5.882 1.003 1.56 
17 7.823 1.000 1.60 7.860 1.003 1.60 
18 10.44 1.000 1.65 10.50 1.004 1.65 
19 13.90 1.000 1.70 13.99 1.004 1.70 
20 18.50 1.000 1.75 18.62 1.004 1.75 
21 24.57 1.000 1.81 24.76 1.005 1.81 
22 32.60 1.000 1.86 32.87 1.005 1.86 
23 43.19 1.000 1.92 43.57 1.005 1.92 
2h 57.15 1.000 1.97 57.70 1.006 1.97 
25 75.52 1.000 2.03 76.29 1.006 2.03 
26 99.67 1.000 2.09 100.7 1.006 2.09 
27 131.4 1.000 2.16 132.8 1.006 2.16 
25 172. û 1.000 2^  22 1 /CL. W 1T 006 2.22 
29 227 *.3 lioôô 2^ 29 23OÛ3 1.007 2.29 
30 298.5 1.000 2.36 302.6 1.007 2.36 
31 391.5 1.000 2.43 397.0 1.007 2.43 
32 512.8 1.000 2.50 520.3 1.007 2.50 
33 670.9 1.000 2.57 681.1 1.007 2.57 
3^  876.7 1.000 2.65 891.0 1.008 2.65 
1144= 1,000 2.7% 1164. 1.008 2.73 
36 1492. 1.000 2.81 1518. 1.008 2.81 
37 1943. 1.000 2.90 1978. 1.008 2.90 
38 2527. 1.000 2.98 2574. 1.008 2.98 
39 3283. 1.000 3.07 3347. 1.008 3.07 
ko 4262. 1.000 3.17 4346. 1.008 3.17 
hi 5525. 1.000 3.26 5643. 1.009 3.26 
h2 7156. 1.000 3.36 7313. 1.009 3.36 
;+3 9259. 1.000 3.46 9467. 1.009 3.46 
V+ 0.1197E 05 1.000 3.56 0.1224E 05 1.009 3.56 
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Table lb (Continued) 
K K Z 
t\a 21. 
4-5 0.15^ 5E 05 1.000 3.67 
46 0.1993E 05 1.000 3.78 
if7 0.2568E 05 1.000 3.89 
48 0.3305E 05 1.000 4.01 
49 0.4251E 05 1.000 4.13 
50 0.5462E 05 1.000 4.25 
51 0.7011E 05 1.000 4.38 
52 0.8991E 05 1.000 4.51 
53 O.II52E 06 1.000 4.65 
54 0.1475E 06 1.000 4.79 
55 0.1886E 06 1.000 4.93 
56 0.2410E 06 1.000 5.08 
57 0.3077E 06 1.000 5.23 
58 O.3925E 06 1.000 5.39 
59 0.5003E 06 1.000 5.55 

























































































n "v r\ 
























































Table It (Continued) 

































































1 « 037 
50 0.6005s 05 
51 0.7729E 05 
52 0.9932E 05 
53 0.1275E 06 
54 0.1637E 06 
55 0.2097E 06 
56 0.2685E 06 
57 O.3438E 06 
58 0.4393s 06 
59 0.5610E 06 




















































1.037 3.67 0.1995E 05 
1.038 3.78 0.2593s 05 
1.038 3.89 0.3365E 05 
1.039 4.01 O.4366E 05 
1.038 4.13 0.5653E 05 
4.25 O.732OE 05 
4.38 0.9462E 05 
4.51 0.1222E 06 
4.64 0.1577s 06 
4.78 0.2033s 06 
4.92 0.2618E 06 
5.07 0,3368E 06 
5.22 O.433OE 06 
5.38 0.5560E 06 
5.54 0.7134E 06 









































































Table lb (Continued) 
K Z A K Z 
2.00 1.00 
10 1.000 1.000 1.30 1.000 1.000 1.30 
11 1.362 1.014 1.34 1.365 1.016 1.3^  
12 1.855 1.028 1.38 1.863 1.033 1.38 
13 2.523 1.041 1.43 2.542 1.050 1.43 
14 3.429 1.054 1.47 3.464 1.066 1.47 
15 4.658 1.067 1.51 4.721 1.083 1.51 
16 6.317 1.079 1.56 6.428 1.099 1.56 
17 8.562 1.091 1.60 8.746 1.115 1.60 
18 11,59 1.102 1.65 11.89 1.130 1.65 
19 15.67 1.113 1.70 16.16 1.146 1.70 
20 21.17 1.124 1.75 21.93 1.161 1.75 
21 28.58 1.135 1.80 29.75 1.176 1.80 
22 38.53 1.145 1.86 40.33 1.191 1.86 
23 51.89 1.155 1.91 54.62 1.205 1.91 
24 69.80 1.164 1.97 73-96 1.220 1.97 
25 93.79 1.173 2.03 99.98 1.234 2.03 
26 125.9 1.182 2.09 135.0 1.247 2.09 
27 168.9 1.191 2.15 182.3 1.261 2.15 
28 226.2 1.199 2.22 245.8 1.274 2.22 
29 302.6 1,207 2-28 331.2 1.287 2.28 
30 404.6 1.215 2-35 445.7 1.299 2.35 
31 540.2 1.223 2.42 599.2 1.311 2.42 
32 720.4 1.230 2.49 805.5 1.324 2.49 
959.6 1.237 2.57 1081. 1.335 2.57 
1277. 1.244 2.64 1449. 1.347 2.64 
35 1697. 1.251 2.72 1941. 1.358 2.72 
36 2254. 1.256 2.80 2597. 1-369 2.80 
37 2990. 1.264 2.89 3473. 1-380 2.89 
38 3960. 1.270 2.97 4637. 1-390 2.97 
39 5242. 1.276 3-06 6189. 1-401 3.06 
40 6929. 1.282 3.15 8249. 1.411 3.15 
41 9153. 1.288 3.24 O.IO98E 05 1-420 3.24 
42 0.1207E 05 1.293 3.34 0.1461E 05 1-430 3-34 
43 O.159OE 05 1.298 3.44 0.1940E 05 1.439 3.44 
44 0.2093E 05 1.303 3.54 0.25753 05 1.448 3.54 
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Table lb (Continued) 
K K 
t\cr 2.00 3.00 
45 0.2753E 05 1.309 3.65 0.3415E 05 
46 0.3614E 05 1.313 3.76 0.4525E 05 
47 0.4743E 05 1.318 3.87 0.5987E 05 
48 0.6220E 05 1.323 3.98 O.7918E 05 
49 0.8141E 05 1.327 4.10 0.1046E 06 
50 0.1065E 06 1.332 4.22 O.I38OE 06 
51 0.1391E 06 1.336 4.35 O.I818E 06 
52 0.1816E 06 1.340 4.48 0.2394E 06 
53 0.2368E 06 1.344 4.61 0.3147E 06 
54 0.3085E 06 1.348 4.75 0.4136E 06 
55 0.4015E 06 1.352 4.89 0.5428E 06 
56 0.5217E 06 1.355 5.04 0.7119E 06 
57 0.6778E 06 1.359 5.18 0.9327E 06 
58 0.8792E 06 1.362 5.34 0.1220E 07 
59 0.1140E 07 1.366 5.50 0.1596E 07 
60 0.1476E 07 1.369 5.66 0.2084E 07 
25.00 
1 o 1 nr\r\ -| AAA 1-30 
11 Îi369 Î!O2Ô 1.34 
12 1.873 1.040 1.38 
13 2.564 1.061 1.43 
14 3.509 1.082 1.47 
15 4.804 1.104 1.51 
16 6.575 1.126 1.56 
17 8.997 1.148 1.60 
18 12.32 1 = 171 1,65 
19 16.86 1.195 1.70 
20 23.07 1.218 1.75 
21 31.56 1.242 1.81 
22 43.18 1.266 1.86 
23 59.09 1.291 1.92 































Table lb (Continued) 
K K A 
25.00 
25 110.7 1.343 
26 151.5 1.370 
27 207.3 1.397 
28 283.5 1.424 
29 387.9 1.452 
30 530.5 1.480 
31 726.1 1.510 
32 993.0 1.539 
33 1358. 1.569 
34 1858. 1.600 
35 2542. 1.631 
36 3475. 1.662 
37 4754. 1.695 
38 6497. 1.727 
39 8886. 1.761 
40 0.1215E 05 1.795 
41 0.1660E 05 1.829 
42 0.2270E 05 1.864 
43 O.3IOIE 05 1.899 
44 0.4239s 05 1.935 
45 O.5792E 05 1.972 
46 O.7913E 05 2.009 
47 0.1081E 06 2.047 
48 0.1476E 06 2.085 
49 0.2016E 06 2.124 
50 0.2754E 06 2.164 
51 O.3759E 06 2.204 
52 O.5I3OE 06 2.244 
0.7001E 06 2.285 
54 0.9554E 06 2.327 
55 O.I303E 07 2.369 
56 0.1778E 07 2.412 
57 0.2424E 07 2.455 
58 0.3304E 07 2.498 
59 0.4503E 07 2.542 


































percent case for every measure of localization. As in the 
one percent case, the change of technique for each measure 
of localization in any period is such that effective tech­
nical progress is approximately equal for all measures of 
localization and is equal to effective technical progress 
when progress is completely generalized. Thus, in adjust­
ing its technique in response to changes in relative factor 
prices, optimal adjustment requires the firm to retain the 
maximum technical progress regardless of the degree of 
localization. A profit maximizing firm is unwilling to 
give up effective progress when adjusting techniques. 
Table Ic and Table Id show the behavior when the wage 
rate rises at one percent and two percent per period re­
spectively and the history of techniques used increases 
monotonicallv from z* = 1.00 to zfr. =1.90. A nonconstant U 
history of techniques used will mean that the effective 
technical progress for the technique used at t = 10 will 
vary depending upon the degree to which progress is local­
ized. Therefore, the factor prices, calculated as the mar­
ginal products of the factors at t =10, depend upon the 
degree of localization. The following chart shows the 
initial factor prices at t = 10 when the history of tech­
niques used increases monotonically from z* = 1.00 to z|q = 
1.90. 
108 
ç G W 
.05 .639 .850 
:IS .688 .74? 
1.00 .801 1.060 
2.00 .822 1.090 
3.00 .827 1.100 
25-00 .830 1.100 
At t = 10 the amount of effective technical progress 
available depends upon the degree to which progress is 
localized. The more localized the progress is, the less is 
the effective progress at z|q. Since varies with the 
degree of localization, the effective technical progress for 
any t > 10 will vary with the degree of localization also. 
For more generalized progress effective progress approaches 
the situation observed under a constant history. That is, 
in any time period effective progress is approximately equal 
for a = 2.00, 3.00, or 25.00 and approaches the effective 
progress for completely generalized technical progress. 
When progress reflects any degree of localization the 
firm returns to a less capital intensive technique at t = 11. 
The more localized the progress is, the farther the firm 
continues in reducing its capital intensity over the subse­
quent periods. This reduction in capital intensity is due 
to the nonconcave nature of the technical progress frontier. 
In the description of the static model the profit maximizing 




aw^  - b(r+6)g^ z^  + —+ (r+&)g^ z^ ] = 0 
z ^ t 
The element A' . corresponds to the slope of the technical 
Z  j L  
progress frontier with respect to changes in technique and 
for the particular progress function used is: 
-(z.-z*)^ /2ff^  
t F t -g(z.-z*)e 
•^z t ~'^z t  ^ "^ z t  ^ ' 
' ' , -(z,-z*)2/2a2_ 
G^ l^ + ge ] 
When progress is tightly localized a is small and A^  ^  
can have a large negative value at t = 10 when z^  > z* for 
all s e [l,t]. As capital intensity is diminished in the 
periods after t = 10, (z^ ^^  - z*) narrows or becomes nega­
tive for some s and Ai, . increases. The decline in capital 
z ^ u 
intensity will tend to halt as this occurs. The more gen­
eralized the progress is, the larger is cr, the less is the 
decline of z, and the shorter is the time span over which z 
declines-
As anticipated, the static model has an interior solu­
tion. With a constant history capital intensity increases 
in each period as the wage-rental ratio increases with the 
technique changes being greater when progress is more gen­
eralized. With the nonconstant history of techniques the 
110 
firm reduces its capital intensity. The rate of decline 
is less when progress is more generalized. Thus the maxi­
mum positive response of z to increases in the wage-rental 
ratio occur for generalized progress. 
Since the nonconstant history uses the sequence 
1.0,1.1,1.2,...,1.9, the technical progress frontier has 
a local at each of these values of z. When the 
firm adjusts its technique it jumps from one of the maxima 
to another without utilizing intermediate techniques. Even 
with these discrete adjustments of technique the nonconstant 
history case has the expected results. In any period the 
value of z^  is less when progress is localized than when it 
is generalized. Localization of progress always reduces 
the capital intensity relative to that of generalized 
progress. 
The dynamic optimization model uses the same parameter 
values as the static model. The two additional parameters 
are the terminal technique and. the alternative routes of 
achieving it. The terminal technique has the values: 
Zjj = 1.65 z^  for w = 0.01 ; and, 
Zjj = 2.70 z^  for w = 0.02 . 
The increases in capital intensity have been chosen to ap­
proximate the change in relative factor prices in percentage 
Ill 
Table le < ii o
 
o
 ii 1.90 
K z A K Z A 
c^r .05 25 
10 1.900 1.900 1.03 1.900 1.900 1.11 
11 548.6 1.800 1.04 949.5 1.700 1.17 
12 576.0 1.700 1.07 1290. 1.600 1.22 
13 511.9 1.700 1.07 1825. 1.600 1.26 
1^  526.3 1.600 1.11 2583. 1.600 1.29 
15 467.7 1.600 1.11 3556. 1.600 1.33 
16 415.7 1.600 1.12 5175. 1.600 1.36 
17 385.5 1.500 1.14 7324. 1.600 1.40 
18 342.6 1.500 1.15 0.1005E 05 1.500 1.46 
19 304.5 1.500 1.15 0.1423E 05 1.500 1.51 
20 270.6 1.500 1.16 O.2OI3E 05 1.500 1.55 
21 225.2 1.400 1.16 0.2850s 05 1.500 1.59 
22 200.1 1.400 1.19 0.4033E 05 1.500 1.63 
23 177.9 1.400 1.19 0.5708E 05 1.500 1.68 
2h 158.1 1.400 1.20 0.8078E 05 1.500 1.73 
25 140.5 1.400 1.20 0.1143E 06 1.500 1.77 
26 124.9 1.400 1.21 0.1618E 06 1.500 1.82 
27 154.8 1.300 1.26 O.229OE 06 1.500 1.87 
2o l'^ 7.6 1.300 1.27 Q.3241E 06 1,500 1.92 
29 122.2 1.300 1.27 0.4587s 06 1.500 l.?o 
30 108.6 1.300 1.28 0.64923 06 1.500 2.03 
31 96.56 1.300 1.28 O.9188E 06 1.500 2.09 
32 85.81 1.300 1.29 0.13002 07 1.500 2.15 
33 76.26 1.300 1.29 0.1841E 07 1.500 2.21 
3^ 67.78 1.300 1.30 0.2605S 07 1.500 2.27 
35 75.76 1.200 1.35 0.3556E 07 1.400 2.37 
36 56.44 1.200 1.35 O.5033E Oy 1.40G 
37 59.05 1.200 1.36 0.7123E 07 1.400 2:% 
38 52.48 1.200 1.36 0.1009E 08 1.400 2.58 
39 46.64 1.200 1.37 0.1427E 08 1.400 2.65 
40 41.45 1.200 1.38 0.2019E 08 1.400 2.72 
hi 36.84 1.200 1.38 O.2858E 08 1.400 2.80 
k-2 32.74 1.200 1.39 0.40452 08 1.400 2.88 
\3 29.10 1.200 1.39 0.5724s 08 1.400 2.95 
25.86 1.200 1.40 0.8101E 08 1.400 3.04 
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23.26 1.100 1.44 
20.68 1.100 1.45 
18.38 1.100 1.45 
16.33 1.100 1.46 
14.51 1.100 1.47 
12.90 1.100 1.47 
11.46 1.100 1.48 
10.19 1.100 1.48 
9.054 1.100 1.49 
8.047 1.100 1.50 
7.151 1.100 1.50 
6.3^ 6 1.100 1.51 
5.648 1.100 1.51 
6.313 0.9999 1.58 
5.611 0.9999 1.59 4.987 0.9999 1.59 























































































































le 900 1,30 
1. 800 1.31 
1. 800 1.35 
1. 800 1.39 
1. 800 1.45 
1. 800 1.47 
1. 800 1.52 
1. 800 1.56 
1. ,800 1.61 
1. 800 1.66 
1. ,800 1.70 
1. ,800 1.76 
1. ,800 1.81 
1. ,800 1.86 
1. ,800 1.92 
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0.1^ 67E 08 
0.2146S 08 






































































































































o.343oe 09 1.800 
0.5062E 09 1.800 
0.7471E 09 1.800 









































































































































































































































































































Table le (Continued) 
K Z A K 2 A 
iKa 2.00 .^00 
45 0.3224E 09 1.800 3.64 0.3170E 09 1.800 3.66 
46 0.4769E 09 1.800 3.75 0.4691E 09 1.800 3.77 
47 0.7055E 09 1.800 3*86 0.6942E 09 1.800 3.88 
48 0.1043s 10 1.800 3.98 0.1C27E 10 1.800 4.00 
49 O.1543E 10 1.800 4.10 O.152OE 10 1.800 4.12 
50 O.2283E 10 1.800 4.22 0.2249E 10 1.800 4.24 
51 0.3377E 10 1.800 4.35 0.3328s 10 1.800 4.37 
52 0.4995E 10 1.800 4.48 O.4925E 10 1.800 4.50 
53 O.7388E 10 1,800 4.61 0.7287E 10 1.800 4.63 
54 O.IO93E 11 1.800 4.75 0.1078E 11 1.800 4.77 
55 0.1616E 11 1.800 4.89 0.1596E 11 1.800 4.91 
56 O.239IE 11 1.800 5.04 O.236IS 11 1.800 5.06 
57 O.3536E 11 1.800 5.19 O.3493E 11 1.800 5.21 
58 O.528IE 11 1.800 5.34 0.5169E 11 1.800 5.37 
59 0.7737E 11 1.800 5.50 0.7649E 11 1.800 5.55 
60 0.1144E 12 1.800 5.67 0.1132s 12 1.800 5.70 
29.00 
1 r\ 
-LW l.°00 1.900 1,34 
11 5Ô6T1 1.800 1.34 
12 749.2 1.800 1.38 
13 1109. 1.800 1.43 
14 1641. 1.800 1.47 
15 2430. 1.800 1.51 
16 3597. 1.800 1.56 
17 5324. 1.800 1.60 
18 7880. 1=800 1.6? 
19 0.1166E 05 1.800 1.70 
20 0.1727E 05 1.800 1.75 
21 0.2556E 05 1.800 1.81 
22 0.3783s 05 1.800 1.86 
23 0.5599E 05 1.800 1.92 
24 0.8288E 05 1.800 1.97 
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0.2S27E 07 1.800 





































































































































































































1.400 1.20 5950. 
1.400 1.21 6915. 
1.300 1.26 8036. 
i.300 1.2/ 9539. 






































i • 52 
1.500 1.98 
1.28 0.1261E 05 1.500 2.03 
1.28 Q.1466E 05 1.500 2.09 
1.29 0.1704E 05 1.500 2.15 
1.29 0.1980s 05 1.500 2.21 
1.30 O.23OIE 05 1.500 2.27 
1.200 1.35 0.2579s 05 1.400 2.37 
1.200 1.35 0.2997E 05 1.400 2.44 
1.200 1.36 0.3484s 05 1.400 2.51 
1.200 1.36 0.4048E 05 1.400 2.58 
1.200 1.37 0.4705E 05 1.400 2.65 
1.200 1.38 0.5468e 05 1.400 2.72 
1.200 1.38 0.6355s 05 1.400 2.80 
1.200 1.39 O.7385E 05 1.400 2.88 
1.200 1.39 O.8583E 05 1.400 2.95 
1.200 1.40 0.9974s 05 1.400 3-04 
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0.1381E-02 1.100 1.50 
0.1008E-02 1.100 1.50 
0.7355E-03 1.100 1.51 
0.5367E-03 1.100 1.51 
O.4926E-O3 0.9999 1.58 
0.3595E-03 0.9999 1.59 















































10 1.900 1,900 1.21 1.900 1 r\r\r\ j. # y\j\j 1.30 
11 683.7 1.700 1.26 503.4 1.800 1.31 
12 821.5 1.700 1.30 610.1 1.800 1.35 13 987.0 1.700 1.34 739.4 1.800 1.39 14 1119* 1.600 1.40 896.2 1.800 1.43 
15 1344. 1.600 1.44 1086. 1.800 1.47 16 1615. 1.600 1.48 I3I6. 1.800 1.52 17 1941. 1.600 1.52 1695. 1.800 1.56 18 2332. 1.600 1.57 1933. 1.800 1.61 19 2802. 1.600 1.61 2343. îisoo Îi66 
20 3366. 1.600 1.66 2840. 1.800 1.70 21 4045. 1.600 1.71 3442. 1.800 1.76 22 4860. 1.600 1.76 4171. 1.800 1.81 
23 5839. 1.600 1.81 5055. 1.800 1 c. 86 24 7016. 1.600 1.87 6126. 1.800 1.92 
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Table Id (Continued) 





















































0.135^ E 07 
0.1626E 07 
1.600 1.92 7425. 
1.600 1.98 8998. 
1.600 2.04 O.IO9IE 05 
1.600 2.10 O.I322E 05 
1.600 2.16 0.1602E 05 
1.600 2.22 o.i94oe 05 
1.600 2.29 o.235ie 05 
1.600 2.35 0.2849E 05 
1.500 2.46 O.3453E 05 
1.500 2.54 o.ç185e 05 
1.500 2.61 0.5072E 05 
1.500 2.69 0.6147E 05 
1.500 2.77 O.745OE 05 
1.500 2.85 O.9029E 05 






55 0.19^ E 07 
56 0.2348E 07 
57 O.282IE 07 
58 0.3390s 07 
59 0.4073s 07 
































rI. OnAl h; ûA 
1.500 3.49 0.3467E 06 
1.500 3.59 0.4202S 06 
1.500 3-70 O.5093E 06 
1.500 3.80 0.6172E 06 


















































































Table Id (Continued) 
k K 































































































































1.900 1.900 1.34 
426.1 1.800 1.34 
517.7 1.800 1.38 
629.1 1.800 1.42 
764.4 1.800 1.46 
928.8 1.800 1.51 
1129. 1.800 1.55 
1371. 1.800 1.60 
1666. 1.800 1.65 
2024. 1.800 1.70 
2460. 1.800 1.75 
2989. 1.800 1.80 
3632. 1.800 1.85 
4413. 1.800 1.91 
5362. 1.800 1.97 
6515. 1.800 2.03 
79I6. 1.800 2.09 
9618. 1.800 2.15 
0.1169E 05 1.800 2.21 
G.1420E 05 2.. s 00 2= 28 
0.1725S 05 1.800 2.35 
0.2097E 05 1.800 2.42 
0.2547E 05 1.800 2.49 
O.3O95E 05 1.800 2.57 
0.3761E 05 1.800 2.64 
O.457OE 05 1.800 2.72 Ci crcrcrow 05 1 = 800 2,80 
0.6747E 05 1.800 2.89 
O.8I98E 05 1.800 2.97 
0.9961E 05 1.800 3.06 
0.1210E 06 1.800 3.16 
0.1471E 06 1.800 3.25 
0.1787E 06 1.800 3.35 
0.2171E 06 1.800 3.45 
0.2638s 06 1.800 3.55 
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Table Id (Continued) 



















































4.22 0.8490E 06 
4.35 O.IO32E 07 
4.48 O.I253E 07 
4.61 0.1523s 07 
4.75 O.I85IE 07 
4.89 0.2248E 07 
5.04 0.2732E 07 
5.19 O.332OE 07 
5.34 0.4034E 07 
5.50 O.49OIE 07 




























































1.800 1.60 1 Qrir> 





















Table Id (Continued) 
k 
25.00 
25 6384. 1.800 
26 7760. 1.800 
27 9432. 1.800 
28 0.1146E 05 1.800 
29 O.I383E 05 1.800 
30 0.1694E 05 1.800 
31 0.2059E 05 1.800 
32 0.2502E 05 1.800 
33 O.304IE 05 1.800 
34 0.3697E 05 1.800 
35 O.4493E 05 1.800 
36 0.5461E 05 1.800 
37 O.6638E 05 1.800 
38 O.8O68E 05 1.800 
39 0.9807E 05 1.800 
40 0.1192E 06 1.800 
41 0.144-9E 06 1.800 
42 0.1761E 06 1.800 
43 0.2140E 06 1.800 
'4: r\ 1.800 
45 O.3I62E 06 1.800 
46 0.3844E 06 1.800 
47 0.4672E 06 1.800 
48 0.5678E 06 1.800 
49 0.6902E 06 1.800 
50 O.8389E 06 1.800 
1^ 0.1020E 07 1=800 
52 0.1239E 07 1.800 
53 O.I5O6E 07 1.800 
54 O.I83IE 07 1.800 
55 0.2225E 07 1.800 
56 0.2705s 07 1.800 
57 O.3288E 07 1.800 
58 O.3996E 07 1.800 
59 0.4857s 07 1.800 



































terms. The change assumes unitary elasticity of substitu­
tion between the factors which is consistent with the 
Cobb-Douglas production function used. 
Alternative paths of technique are given by: 
+ [(t-n)/(N-n) (Zjj - z^ ) c > 0 . 
The rate at which the firm approaches the terminal technique 
is thus determined by the value of c. The various values 
assigned c in the simulation are: 
c = 0, .167, .20, .25, .33, .50, 1.0, 2.0, 3.0, ^ .0, 
5.0, 12.0, 100 . 
Since (t-n) < (N-n), the rate of adjustment varies inversely 
with the value of c. The path is linear when c = 1.0. 
The dependence of the chosen terminal technique upon 
the change in relative factor prices implies that the ease 
with constant factor prices is of no interest. The profit 
maximizing firm would have no reason to change its technique 
of production when factor prices are unchanged. 
The following table (Table 2a) indicates the discounted 
present value of the firm for each of the degrees of locally 
zation of each value of c when the wage rate increases one 
percent each period and the history of techniques used is 
constant. Table 2b has the same information for w = 0.02. 
Discounted present value at t = 10 is calculated as the sum 
12k 
of such values for net cash flows through t = 60 plus 
terminal capital stock. 
Similar present values are shown in Tables 2c and 2d 
for w = 0.01 and w = 0.02 respectively when the firm has 
the history of increasing capital intensity. Tables 3a 
through 3d are the displays of capital usage (K), technique 
(Z), and effective technical progress (A) corresponding to 
the optimal paths shown in Tables 2a through 2d. The op­
timal path is determined by the value of e which results in 
the largest present discounted value of the firm for each 
history used, each rate of factor price change, and each 
measure of the localization of technical progress. 
The decision concerning the rate of technique adjust­
ment is shown to depend upon the history of techniques used 
and the localization of progress. For a constant history 
the delay in technique adjustment tends to increase with the 
degree of localization for both w = 0.01 and w = 0.02. For 
tightly localized progress maximum delay is optimal. The 
entire technique adjustment would occur in the last period 
when virtually all accumulated technical progress would be 
lost. By delaying this sacrifice of available progress the 
firm profits in the earlier periods when using the maximum 
possible progress. Lower discount rates would therefore 
reduce the relative advantage of delayed adjustment. 
Less localized progress would also reduce the relative 
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0.0 0.153E 05 0.188E 05 0.198E 06 
0.167 1.35 O.53IE 04 0.144E 06 
0.200 1.23 o.34ie 04 0.127E 06 
0.250 1.18 0.166E 04 o.io4e 06 
0.333 1.15 489. 0.708E 05 
0.500 1.12 61.0 O.31IE 05 
1.000 1.12 19.8 0.fl8E 04 
2.000 2.39 170. 0.469E 04 
3.000 14.2 799. 
04 
O.lOOE 05 
4.000 64.8 0.243E 0.196E 05 
5.000 214. 0.559E 04 0.334s 05 
12.000 0.126E 05 0.812E 05 0.204e 06 
100.000 O.50IE 06 0.504e 06 -0.214s 07 
2.00 3.00 25.00 
0.564E 07 












0.0 0.419s 07 0.494E 07 
0.167 0.410E 07 0.489E 07 
r\ 
m ^\J\J 
f\ ) 1 
yj • ( jLj 07 r\ ) 1 Q rr-çi 07 
0.250 0.402E 07 O!485E 07 
0.333 O.39IE 07 0.479E 07 
0.500 O.368E 07 0.466E 07 
1.000 O.3o3e 07 0.427e 07 
2.000 0.228E 07 0.374E 07 
3.000 0.194E 07 0.344E 07 
4.000 0.176E 07 0.327E 07 
5.000 0.165E 07 0.314E 07 
12.000 0.125s 07 0.263E 07 
















Table 2b. w = 0.02; z|q = 1.00 
Ô\0 .05 .25 .50 1.00 
0.0 16. 5 16.5 16.8 63.6 
0.167 1.26 1.37 3.77 41.1 
0.200 1.26 1.31 2.69 35.1 
0.250 1.25 1.27 1.89 27.1 
0.333 1.24 1.25 1.47 17.8 
0.500 1.21 1.22 1.36 9.64 
1.000 1.15 1.30 1.96 11.1 
2.000 1.29 3.16 8.29 34.5 
3.000 2.24 8.53 21.1 69.0 
4.000 4.51 17.5 39.7 110. 
5.00 8,24 30.1 62.7 153. 
12.000 74.6 166. 251. 408. 
100.000 407. 293. 495. -759. 
2.00 3.00 25.00 
0.0 954. 0.236E 04 0.554E 04 
0.167 869. O.228e 04 0.556E 04 
0,200 835. 0.224E 04 0.556E 04 
0.250 779. 0.217S v4- 0.5572 04 
0.333 683. 0.204E 04 0.557E 04 
0.500 515. 0.178E 04 0.557E 04 
1.000 279. 0.121E 04 0.556E 04 
2.000 249. 862. 0.547E 04 
3.000 314. 828. 0.535E 04 
4.000 388. 858. 0.522E 04 
5.000 457. 897. /\ aîi \J 9 j wviu v"r 
12.000 743. 986. O.432e 04 
100.000 -O.32ie 04 -0.334E 04 0.270E 04 
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Table 2c. w = 0.01; z^ q =1.90 




07 0.145s 07 0.298E 06 O.35OE 06 
0.167 2.42 306. 0.137E 05 O.15oe 06 
0.200 2.27 72.1 O.523e 04 O.llOE 06 
0.250 2.14 17.5 0.125E 04 0.659E 05 
0.333 2.04 6.27 162. 0.265% 05 
0.500 2.13 5.06 24.4 0.4592 04 
1.000 2.46 26.0 79.5 780 
2.000 2.65 56.8 361. O.i9oe 04 
3,000 4.31 117. 893. 0.444E 04 
4.000 9.66 264. O.19oe 04 0.S66E 04 
5.000 23.7 
04 
559. 0.354E 04 0.146E 05 
12.000 O.i3oe O.IOIE 05 O.326e 05 0.813E 05 
100.000 -0.702E 04 -0.274E 06 -0.137E 06 -0.201E 07 
2.00 3.00 25.00 
0.0 0.269E 07 O.57IE 07 0.119E 08 
0.167 0.216E 07 O.519E 07 0.119E 08 
0: 200 0.199E 07 a ctarm? 07 0.119E 08 
0.250 0.173E 07 0.4692 07 O.llôE 08 
0.333 O.I33E 07 0.415E 07 O.ii8e 08 
0.500 O.73oe 06 0.314E 07 O.ii8e 08 
1.000 0.140E 06 0.1332 07 O.llôE 08 
2.000 0.4O4E 05 0.4432 06 O.II3E 08 
3.000 0.455E 05 0.2932 06 0.1122 08 
4.000 0.6162 05 0.267E 06 O.llOE 08 
5.000 0.8152 05 0.274E 06 O.iû9e 08 
12.000 0.220E 06 0.374E 06 0.1032 08 
100.000 -O.58ie 07 -O.598E 07 0.8492 07 
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Table 3a. w = 0.01; zJq = 1.00 
K Z A K Z A 
t\cr .05 (c =100.0) .25 (c =100.0) 
10 1.000 1.000 1.344 1.000 1.000 1.344 
11 1.345 1.000 1.384 1.346 1.000 1.384 
12 2.097 1.000 1.426 2.097 1.000 1.426 
13 3.267 1.000 1.469 3.267 1.000 1.469 
14 5.088 1.000 1.513 5.088 1.000 1.513 
15 7.919 1.000 1.558 7.919 1.000 1.558 
16 12.32 1.000 1.605 12.32 1.000 1.605 
ly 19.16 1.000 1.653 19.16 1.000 1.653 
18 29.80 1.000 1.702 29.80 1.000 1.702 
19 46.31 1.000 1.753 46.31 1.000 1.753 
20 71.95 1.000 1.806 71.95 1.000 1.806 
21 111.7 1.000 1.860 111.7 1.000 1.860 
22 173.5 1.000 1.916 173.5 1.000 i.9i6 
23 269.3 1.000 1.974 269.3 1.000 1.974 
24 417.7 1.000 2.033 417.7 1.000 2.033 
25 647.8 1.000 2.094 647.8 1.000 2.094 
26 1004. 1.000 2.157 1004. 1.000 2.157 
27 1557. 1.000 2.221 1557. 1.000 2.221 
28 24-11. 1.000 2.288 1 r\r\rv 2.286 
29 3735. 1.000 2.357 3735: îiooo 2.357 
30 5782. 1.000 2.427 5782. 1.000 2.427 
31 8948. 1.000 2.500 8948. 1.000 2.500 
32 0.1384E 05 1.000 2.575 0.1384E 05 1.000 2.575 
33 0.2141E 05 1.000 2.652 0.2141E 05 1.000 2.652 
34 O.33ioe 05 1.000 2.732 O.33ioe 05 1.000 2.732 
35 0.5116S 05 1.000 2.814 0.51162 05 1.000 2.814 
36 0.7904E 05 1.000 2.898 0.7904E 05 1.000 2.898 
37 0.1221E 06 1.000 2.985 0.1221E 06 1.000 2.985 
38 0.1885E 06 1.000 3.075 0.1885E 06 1.000 3.075 
39 O.2909E 06 1.000 3.167 0.2909E 06 1.000 3.167 
40 0.4489E 06 1.000 3.262 0.4489E 06 1.000 3.262 
41 0.6923s 06 1.000 3.360 O.6923e 06 1.000 3.360 
42 0.1068E 07 1.000 3.461 0.1068E 07 1.000 3.461 
43 0.1646E 07 1.000 3.564 0.1646E 07 1.000 3.564 
44 0.2536E 07 1.000 3.671 O.2536E 07 1.000 3.671 
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Table 3a (Continued) 
K Z A K 2 A 
\ct .05 ( c=100.0) .25 ( c=100.0) 
0.3906E 07. 1.000 3.782 O.29O6E 07 1.000 3.782 
0.6016E 07 1.000 3.895 0.6016E 07 1.000 3.895 
47 0.9261E 07 1.000 4.012 O.926IE 07 1.000 4.012 
h8 0.1425E 08 1.000 4.132 0.1425s 08 1.000 4.132 
9^ 0.2193E 08 1.000 4.256 O.2193E 08 1.000 4.256 
50 O.3373E 08 1.000 4.384 0.3373s 08 1.000 4.384 
51 O.5186E 08 1.000 4.515 O.5186E 08 1.000 4.515 
52 O.797IE 08 1.000 4.651 0.7971s 08 1.000 4.651 
53 0.1225E 09 1.000 4.790 0.1225s 09 1.000 4.790 
54 0.1882E 09 1.000 4.934 0.1882s 09 1.000 4.934 
55 O.289IE 09 1.000 5.082 O.289IE 09 1.000 5.082 
56 0.W+4E 09 1.001 5.234 0.4444E 09 1.001 5.234 
57 0.68512 09 1.004 5.366 0.6872E 09 1.004 5.390 
58 0.9994s 09 1.002 4.774 0.1095E 10 1.022 5.518 
59 O.IOIOE 09 1.121 1.133 O.I828E 10 1.121 4.749 
60 0.4897E-04 1.650 1.030 0.1364E 09 1.650 1.097 
.50 (c =12.0) 1.00 ( c=0.00) 
10 1.000 l.OûO 1.344 j- • 000 1 rvrvn 1 sLL. 
11 1.346 1.000 1.384 1.205 Î!650 1009 
12 2.097 1.000 1.426 0.6305 1.650 1.349 
13 3.267 1.000 1.469 1.003 1.650 1.389 
1*+ 5.088 1.000 1.513 1.595 1.650 1.431 
15 7.919 1.000 1.558 2.535 1.650 1.474 
16 12.32 1.000 1.605 4.028 1.650 1.518 
17 19.16 1.000 1.653 6.397 1.650 1.563 
18 29.80 1.000 1.702 10.15 1.650 1 = 610 
19 46.31 1.000 1.753 16.11 1.650 1.659 
20 71.95 1.000 1.806 25.55 1.650 1.708 
21 111.7 1.000 1.860 40.51 1.650 1.760 
22 173.5 1.000 I.9I6 64.19 1.650 1.812 
23 269.3 1.000 1.974 101.7 1.650 1.867 
24 417.7 1.000 2.033 160.9 1.650 1.923 
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Table 3a (Continued) 
k 















































































































































































































































Table 3a (Continued) 
k A 











































32 0.1409E 05 
33 0.2222E 05 
34 0.3502E 05 
35 0.5518s 05 
36 0.86903 05 
37 O.i368e 06 
38 o.2153e 06 
39 0.3385s 06 
40 0.5323s 06 
41 O.8366E 06 
42 0.1314E 07 
43 0.2064E 07 



































































































































































Table 3a (Continued) 
k k 


























































0.5992E 07 1.650 
0.9397E 07 1.650 
0.1473E 08 1.650 
0.2309e 08 1.650 
O.36i6e 08 1.650 
0.5663E 08 1.650 
0.8863E 08 1.650 
0.1387s 09 1.650 
0.2189E 09 1.650 

















































































Table 3a (Continued) 
K Z A K 
èvcT 25.00 (c=0.20) 
25 801.6 1.546 2.094 
26 1263. 1.550 2.156 
27 1990. 1.554 2.221 
28 3134. 1.558 2.288 
29 4936. 1.562 2.356 
30 7769. 1.566 2.427 
31 o.i223e 05 1.570 2.500 
32 0.1924E 05 1.578 2.575 
33 0.30272 05 1.577 2.662 
34 0.4760E 05 1.580 2.732 
35 0.7485E 05 1.584 2.814 
36 0.1177E 06 1.587 2.898 
37 0.1849E 06 1.590 2.985 
38 O.29o6e 06 1.593 3.074 
39 0.4564E 06 1.596 3-167 
40 0.7167E 06 1.599 3.262 
41 0.1125E 07 1.602 3.350 
42 0.1766E 07 1.605 3-460 
43 0,2771E 07 1.608 3-564 
44 O.4345E 07 1.611 3-671 
45 0.6814E 07 1.614 3.781 
46 0.1068E 08 1.616 3-895 
47 0.1674E 08 1.619 4.011 
48 O.2623e 08 1.622 4.132 
49 0.4108E 08 1.624 4.256 
50 0.6433E 08 1.627 4.383 
51 0.1007E 09 1.629 4.515 
52 0.1576E 09 1.632 4.650 
53 0.2466E 09 1.634 4.790 
54 O.3856e 09 1.636 4.933 
55 0.6029e 09 1.639 5-081 
56 o.9423e 09 1.641 5.234 
57 0.1472E 10 1.643 5.491 
58 O.23ooe 10 1.646 5.553 
59 O.359ie 10 1.648 5.719 













































































































































































a6e*2 000*1 6*691 
992*2 000*1 c*92t 
122*2 ooo't 90^ 96 
a6l*2 000*1 a6*2a 







































(0*001=3) 62* (0*001=0) ^ 0' 
3 % 
00*1 = 220*0 = a 'q£ eiq^ i 
6ei 
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Table 3b (Continued) 
K K A 
.0? (c=100.0) .25" (c=lQO.O) 
45 O.lllOE 05 1.000 3.782 O.lllOE 05 1.000 
46 O.143OE 05 1.000 3.895 0.1430s 05 1.000 
47 0.1841E 05 1.000 4.012 0.1841E 05 1.000 
48 O.2368e 05 1.000 4.132 0.2368E 05 1.000 
49 0.3043s 05 1.000 4.256 0.3043s 05 1.000 
50 O.39o6e 05 1.000 4.384 O.39o6e 05 1.000 
51 O.50ioe 05 1.000 4.515 O.50ioe 05 1.000 
52 0.6420E 05 1.000 4.651 0.6420E 05 1.000 
53 O.822oe 05 1.000 4.790 0.7220E 05 1.000 
54 0.1052E 06 1.000 4.934 0.1052E 06 1.000 
55 0.1345B 06 1.000 5.082 0.1345% 06 1.000 
56 0.1724E 06 1.002 5.229 0.1726E 06 1.002 
57 0.2225E 06 1.010 5.219 0.2266E 06 1.010 
58 0.1776E 06 1.057 2.494 O.3312E 06 1.057 
59 0.99572--01 1.317 1.030 O.3797E 06 1.317 
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Table 3b (Continued) 
K K 



















































































































































































































































Table 3b (Continued) 
K 3C 




































































































































































































































Table 3b (Continued) 
K K 







0.1289E 05 1.05V 
0.1735E 05 1.070 
0.2356E 05 1.091 
0.3227E 05 1.117 



















































































-1 r\ JLW 1 r\r\r\ 1.000 1 . Qwii. 
11 0t7634 Î!966 1:384 
12 0.9692 1.994 1.425 
13 1.344 2.021 1.468 
14 1.866 2.047 1.512 
15 2.593 2.071 1.558 
16 3.607 2.084 1.604 
17 5.022 2.117 1.652 
18 6.993 2,138 1-702 
19 9.745 2.159 1.753 
20 13.58 2.179 1.805 
21 18.93 2.198 1.860 
22 26.39 2.217 1.915 
23 36.78 2.235 1.973 
24 51.24 2.253 2.032 
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Table 3b (Continued) 
K Z A K Z A 
èyg 25.00 
25 71.37 2.270 2.093 
26 99.39 2,286 2.156 
27 138.3 2.303 2.220 
28 192.5 2.319 2.287 
29 267.7 2.334 2.356 
30 372.0 2.349 2.426 
31 516.6 2.364 2.499 
32 717.1 2.379 2.574 
33 994.6 2.878 2.651 
34 1379. 2.407 2.730 
35 1909. 2.420 2.812 
36 2642. 2.434 2.897 
37 3653. 2.447 2.984 
38 5046. 2.460 3.073 
39 6965. 2.473 3.165 
1+0 9605. 2.485 3.260 
41 O.1323e 05 2.497 3.358 
42 0.1822E 05 2.509 3.4^ 9 
44 
0.25052 05 2.521 3.562 
ri olùjlom: 
^ * •  l u — w  ^ 2: 535 3-669 
45 0.4725E 05 2.545 3.779 
46 0.64793 05 2.556 3.892 
4? 0.8875E 05 2.567 4.009 
48 0.1214E 06 2.578 4.129 
49 0.1660E 06 2.589 4.253 
50 0.2267E 06 2.600 4.381 
en y-*- 0.30932 06 2.610 4.512 
52 0.4216E 06 2.621 4.647 
O.574OE 06 2.631 4.787 
54 O.78o6e 06 2.641 4.930 
55 0.1060E 07 2.651 5-078 
56 0.1439E 07 2.661 5.230 
57 O.I95IE 07 2.671 5.387 
58 0.2643E 07 2.681 5.549 
59 0.3575s 07 2.691 5.715 
60 O.483IE 07 2.700 5.886 
Table 3c. w = 0.01; z£q = I.90 
K Z A K Z A 

















































































































































































































































































































.50 (c=0.00) 1.00 (c=0.00) 
1 r\ 1 orirv 
• /s/\/ 1 - 9'" 1 = 209 -1 X • 1.900 1.296 
11 2.041 3.100 1.034 3.Ô41 3.100 1.118 
12 o.7868e-oi 3.100 1.065 0.9394E-01 3.100 1.151 
13 0.1254 3.100 1.097 0.1498 3.100 1.186 
14 0.1999 3.100 1.130 0.2386 3.100 1.221 
15 0.3183 3.100 1.164 0.3800 3.100 1.258 
16 0.5067 3.100 1.199 0.6050 3.100 1.296 
17 0.8063 3.100 1.235 0.9627 3.100 1.335 
18 1.282 3 = 100 1-272 1.531 3.100 1.375 
19 2.039 3.100 1.310 2.434 3.100 1,416 
20 3.240 3.100 1.349 3.868 3.100 1.458 
21 5.145 3.100 1.390 6.143 3.100 1.502 
22 8.169 3.100 1.431 9.753 3.100 1.547 
23 12.96 3.100 1.474 15.48 3.100 1.594 
24 P0.56 3.100 1.519 24.55 3.100 1.641 
1^ 3 
Table 3c (Continued) 
K A K A 












































































































































































































































Table 3c (Continued) 
K A K 







































































o.ii8ie 05 3.100 





























0.2944E 05 3.100 
0.4645s 05 5.100 
O.7326e 05 3.100 
0.1155E 06 3.100 





o.2866e 06 3.100 2.996 
o.4513e 06 3.100 3.086 
0.7102E 06 3.100 3.178 
0.1117E 07 3.100 3.274 





































































































Table 3c (Continued) 
£ 
































































































































































Table 3c (Continued) 
K Z A K 
kg 25.00 (c=0.l67) 
25 1427. 2.814 2.093 
26 2247. 2.826 2.156 
27 3539. 2.838 2.220 
28 5573. 2.849 2.287 
29 8775. 2.860 2.355 
30 O.i38ie 05 2.870 2.426 
31 0.2174E 05 2.881 2.499 
32 o.3423e 05 2.891 2.574 
33 o.5385e 05 2.900 2.651 
34 0.8473E 05 2.910 2.730 
35 o.i333e 06 2.919 2.812 
36 0.2096E 06 2.928 2.897 
37 o.3297e 06 2.937 2.983 
38 o.5183e 06 2.946 3.073 
39 0.8147E 06 2.954 3.165 
40 O.i28oe 07 2.963 3.260 
41 0.2012E 07 2.971 3.358 
42 O.3i6oe 07 2.979 3.459 
43 0.4963E 07 2.986 3.562 
44 0,7792s 07 2.994 3-669 
45 O.1223e 08 3.001 3.779 
46 O.192oe 08 3.009 3.892 
47 O.3012e 08 3.016 4.009 
48 0.4725E 08 3.023 4.129 
49 0.7409E 08 3.030 4.253 
50 0.1162E 09 3.037 4.381 
51 O.i82ie 09 3.044 4.512 
52 0.28532 09 3.050 4.648 
53 0.4470s 09 3.057 4.787 
54 0.7002E 09 3.063 4.981 
55 0.1096e 10 3.070 5.078 
56 0.1716S 10 3.076 5.231 
57 0.2686E 10 3.082 5.388 
58 0.4202E 10 3.088 5.549 
59 0.6573E 10 3.094 5.716 
60 0.1028e 10 3.100 5.887 
14-7 
Table 3d. w = 0.02; 2£q =1.90 
K 
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Table 3d (Continued) 






































































































































l.onn 1.20"^ i - $*00 1 . 900 1 . vQA 
5iiôô 1^ 036 0.5927 1'. ôôô l'.33^  
5.100 1.061 0.7671 1. 000 1.375 
5.100 1.093 0.9919 1. 000 1.416 
5.100 1.126 1.281 1. 000 1.458 
5.100 1.159 1.653 1. 000 1.502 
5.100 1.194 2.131 1. 000 1.547 
5.100 1.230 2.745 1. 000 1.593 
5.100 1.267 3=531 . 1= 000 1.641 
5.100 1.305 4.539 1. 000 1.690 
5.100 1.344 5.829 1. 000 1.741 
5.100 1.384 7.479 1. ,000 1.793 
5.100 1.426 9.587 1. .000 1.847 
5.100 1.469 12.28 1. ,000 1.903 
5.100 1.513 15.71 1. ,000 1.960 
1^ 9 
Table 3d (Continued) 
K A K 














































51 0.1266E 05 
52 0.1736E 05 
53 0.2376E 05 
54 0.3246E 05 
55 0.4428E 05 
56 O.6O3IE 05 
57 O.82OOE 05 
58 O.III3E 06 
59 0.1509s 06 
















































































































































































Table 3d (Continued) 
K K 











































































































































































































































Table 3d (Continued) 
k 








































































































10 1.900 1.900 1.344 
11 0.4300 5.100 1.380 
12 0.5973 5.100 1.421 
13 0.8800 5.100 1.464 
14 1.294 5.100 1.508 
15 1.899 5.100 1.553 
16 2.781 5.100 1.600 
17 4.065 5.100 1.648 
18 5.930 5.100 1.697 
19 8.635 5.100 1.748 
20 12.55 5.100 1.800 
21 18.20 5.100 1.854 
22 26.35 5.100 1.910 
23 38.07 5.100 1.967 
24 54.90 5.100 2.026 
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Table 3d (Continued) 
K 
kz. 25.00 (c=0.00) 
25 79.01 5.100 2.087 
26 113.5 5.100 2.150 
27 162.7 5.100 2.21^  
28 232.9 5.100 2.281 
29 332.6 5.100 2.349 
30 h7h,2 5.100 2.420 
31 674.8 5.100 2.492 
32 958.4 5.100 2.567 
33 1359. 5.100 2.644 
34 1923. 5.100 2.723 
35 2715. 5.100 2.805 
36 3828. 5.100 2.889 
37 5387. 5.100 2.976 
38 7567. 5.100 3.065 
39 0.1061E 05 5.100 3.157 
40 0.1485E 05 5.100 3.252 
41 0.2075E 05 5.100 3.349 
42 0.2893E 05 5.100 3.450 
43 0.4028E 05 5.100 3.553 
44 o.5597e 05 5-100 3.660 
45 0.7765E 05 5.100 3.770 
46 0.1075E 06 5.100 3.883 
47 0.1487E 06 5.100 3.999 
48 0.2052s 06 5.100 4.119 
49 0.2826E 06 5-100 4.243 
50 O.3888E 06 5.100 4.370 
51 0=53388 06 5.100 4.501 
52 0.7317E 06 5.100 4.636 
53 O.lOOlE 07 5.100 4.775 
54- 0.1368s 07 5.100 4.919 
55 O.I866E 07 5.100 5.066 
56 0.2542E 07 5.100 5.218 
57 O.3456E 07 5.100 5.375 
58 0.4692E 07 5.100 5.536 
59 0.6360E 07 5.100 5.702 
60 0.8607E 07 5.100 5-873 
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advantage. More progress would be accumulated on every 
technique so that the sacrifice of available progress is 
reduced when the progress is generalized. For moderately-
localized progress it becomes optimal to begin giving up 
progress sooner since the loss is smaller. The firm still 
gives up most progress as late as possible. Thus an in­
terior technique path is most profitable. 
As progress becomes moderately generalized and imme­
diate adjustment path becomes relatively more desirable. 
It costs less to give up progress immediately and then 
accumulate as much progress as possible later. When progress 
is very generalized the interior paths again become rela­
tively more desirable corresponding to the choice of the 
static profit maximizer. 
The faster the rise in the relative cost of labor, the 
greater is the foreseen change in technique over the planning 
period. Therefore the relative advantage of delayed adjust­
ment is greater for w = 0.02 than for w = 0.01 because 
greater technique adjustment will entail a greater loss of 
available technical progress. 
For the history of increasing capital intensity, imme­
diate adjustment is optimal when progress is localized. The 
change of techniques in each of the past periods combined 
with the high degree of localization leaves the firm at 
z^ Q =1.90 with very little accumulated progress. The 
15^  
immediate change imposes little cost in the form of lost 
progress. When progress is localized and immediate adjust­
ment is optimal, the "second best" path will be to delay 
adjustment for most of the planning period before making 
the change. This suggests that the corner solutions which 
allow available progress to accumulate are best when 
progress is localized. As progress becomes more general­
ized the immediate adjustment paths lose their relative 
advantage and interior solutions become more desirable. 
Comparison of the two models indicates that the static 
profit maximizer uses less capital intensive techniques 
when progress is localized. With a constant history the 
firm which formulates expectations and plans for the future 
will also delay adjustment when progress is tightly local­
ized. For more moderately localized progress, however, this 
firm will choose to adjust techniques sooner than the static 
firm. 
The noneonstant history used in this simulation is a 
rather extreme case. For the static profit maximizer this 
history leaves the firm too capital intensive when progress 
is localized so the firm reduces its technique during its 
future operations. The planning firm, being constrained to 
increase its capital-labor ratio, chooses to increase its 
technique immediately. Tables 2c and 2d suggest that a path 
which first reduces capital intensity to regain some 
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effective progress and then later increases techniques 
toward the terminal technique may be preferred to any mono­
tone path when progress reflects some degree of localiza­
tion. 
It is difficult to draw conclusions about the models 
with the particular noneonstant history used here. It is 
true though that the shorter the history of operations which 
are relevant to today's effective technical progress and the 
narrower the distribution of techniques used during that 
relevant history, the closer the historical input will ap­
proach the constant history. Therefore, if the more recent 
past is the primary determinant of today's available progress 
and a narrow range of techniques has been used during that 
period, the firm which has information about the future will 
adjust its capital intensity sooner than the static firm 
when progress is localized to some degree. This would tend 
to support the conclusions derived from the discussion re­
lated to learning by doing. It would be desirable to sub­
sidize firms by the dissemination of information about future 
conditions. 
The localization of progress by itself tends to delay 
adjustment of technique by both the firm which plans and 
that which fails to plan. If society can foresee a secular 
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change in the relative costs of factors then future 
optimal techniques will not have available as much tech­
nical progress unless society deliberately chooses to 
induce more rapid technique adjustment. 
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VI. CONCLUSION 
The existence of localized progress can cause the 
perfectly competitive profit mazimizing firm to delay its 
adjustment of techniques relative to its adjustment when 
progress is generalized. Localized progress can be an in­
fluence on the firm' s time path of techniques which is 
analogous to the influence of adjustment costs. While the 
effects are similar the analogy is incomplete for two rea­
sons. First, adjustment cost models derive delayed adjust­
ment of the absolute amounts of factors used while local­
ized progress derives delayed adjustment of relative factor 
usage. Adjustment of relative factor usage cannot be ac­
complished without changing the absolute amount of at least 
one factor, of course, so that the two cases are not unre­
lated. Secondj localized progress is an inherent character­
istic of the firm regardless of the market structures in 
which the firm is involved. Adjustment costs depend upon 
the existence of some degree of market imperfection in the 
firm's input markets. 
The simulation models show that for both the static 
optimizing firm and the dynamic planning firm, localized 
technical progress tends to delay technique adjustment. It 
also reduces the degree of technique adjustment in the static 
model. The simulations suggest that if society foresees the 
use of future production techniques different than today's 
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there may be justification for providing public incentives 
to firms to adjust their techniques earlier than they would 
on their own. The firm's reluctance to adjust is due to 
both its lack of planning and therefore, its lack of knowl­
edge of the future and the existence of localized technical 
progress. Development and dissemination of public informa­
tion about future expected conditions would help firms to 
recognize and internalize the intertemporal externalities 
of technique adjustment. Thus, it would aid firms in de­
veloping plans which include the effects of their history. 
To the extent that delayed adjustment is due to the local­
ized nature of technical progress rather than the use of 
naive static profit maximization rules, there may be a role 
for public incentives to adjust techniques. The degree of 
such incentives should be greatest for those industries 
where technical progress is most severely localized. 
Within the framework of the dynamic model employed here 
further examination in several directions would be useful. 
One would be to consider several alternative histories. It 
is not clear that this would seriously alter the results, 
however, because every nonconstant history will present the 
firm with a scalloped i so quant at the moment of planning. 
Different histories will provide variety in the size and 
location of the scallops but not in the basic character­
istic shape of the isoquant. 
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Nonmonotone adjustment paths should also be examined. 
The present values in Tables 2a and 2b suggest that tightly 
localized progress may dictate an optimal technique path 
which calls for a short-run decline in capital intensity. 
This may be significant for the level of investment for two 
reasons. Mainy firms might regard the temporary employment 
of additional labor as too costly to undertake because of 
legal commitments to labor once it is hired. Then the firm 
would reduce its capital intensity by selling off its capi­
tal stock and disinvesting in the short-run. 
If a full employment economy anticipates a secular rise 
in the relative cost of labor, such a short-run reduction in 
capital intensity could only be achieved by idling capital 
goods temporarily. This implies a short-run period of dis­
investment and a subsequent review of anticipated trends of 
factor prices. Thus, the localization of progress may be an 
influence in the business cycle or at least for those sectors 
of the economy where it appears. 
It should also be useful to consider the sensitivity of 
the optimal adjustment path to changes in the discount rate 
used. Since a higher discount rate would increase the 
importance of earlier relative to later net cash receipts, 
a rise in the discount rate would reduce the planned level 
of capital intensity for each period in the plan. Combined 
with the possibility of short-run decline in capital 
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intensity due to localized progress, a rising discount rate 
due perhaps to expectations of future inflation could in­
tensify the short-run disinvestment. 
Thus, the existence of localized progress may have an 
effect on capital intensity which is analogous to that of 
discount rates since greater localization reduces the path 
of techniques to be used. The nature of technical progress 
is determined by the physical laws governing the production 
function over time. Society is unable to change these in 
the short-run so that it may be desirable to treat the ef­
fects of localization as though they were due to higher 
private rates of discount. This would suggest the use of 
tax or subsidy policies which lower this discount rate to 
more closely approximate the social rate of discount. 
As a part of technology, localized progress will vary 
in degree over different industries. It would be useful to 
empirically measure the degree of localization in various 
industries. Another direction for empirical work would be 
to examine trends in localized technical progress over time. 
This would search for any relationships between secular 
changes in technology ai^  in the degree of localization. 
Localized technical progress incorporates the firm's 
history into its current productive capability. Today's de­
cisions will influence future productivity just as past 
161 
decisions influence today's productivity. Thus, the 
theoretical concept of localized technical progress 
imposes time into the theory of the firm in a critical 
way and leads toward a dynamic theory of the firm. 
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